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FUNCTIONAL INDEX 


High Speed Microprogrammable Registered ALUs 


Description 

Part 

Number 



4-Bit Slice, 16 Registers 

Am2901B 



Higher Speed 4-Bit Slice, 16 Registers 

Am2901C 



Speed Selected Version of 2901C 

Am2901C-1 



Expanded Function 4-Bit Slice, 16 Registers 

Am2903 

1 


Higher Speed Version of Am2903 

Am2903A 



Enhancement of Am2903A, Including BCD Arithmetic 

Am29203 



16-Bit Microprocessor Optimized for High Speed Control 

Am29116 



Multiport, Pipelined Processor, 8-Bit Slice 

Am29501 




ALU Auxiliary Circuits 


Description 

Part 

Number 



Carry Lookahead 

Am2902A 



Status and Shift Control Unit for 2901,2903, 29203 

Am2904 

,j 



Register File Extensions for ALUs 


Description 

Part 

Number 



16-Word by 4-Bit Two-Port Register File, for 2903 

Am29705 



Higher Speed Version of 29705, for 2903A 

Am29705A 



16-Word by 4-Bit Two-Port Register File, for 29203 

Am29707 




Multipliers 


Description 

Part 

Number 



16 X 16 Parallel Multiplier, with Accumulator 

Am29510 



Higher Speed Version of Am29510 

Am29510A 



65ns, 16 X 16 Parallel Multiplier with Registers 

Am29516 



Speed Selected Version of Am29516 

Am29516-1 



Fastest Version of Am29516 

Am29516A 



Low-Power Version of Am29616, <100ns 

Am29L516 



Faster Version of Low-Power 29L516 

Am29L516A 



65ns, Single-Clock 16 x 16 Parallel Multiplier with Registers 

Am29517 



Speed Selected Version of Am29517 

Am29517-1 



Fastest Version of Am29517 

Am29517A 



Low-Power Version of Am29517, < 100ns 

Am29L517 



Faster Version of Low-Power 29L517 

Am29L517A 



8-Bit Serial/Parallel Multiplier 

Am25LS14A 



-- —^^^ - 

8x8 Parallel Multiplier, with Latchable Outputs 

Am25S557 



8 X 8 Parallel Multiplier 

Am25S558 




03785A-MPL 
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FUNCTIONAL INDEX (Cont.) 


Microprogram Sequencers 


Description 

Part 

Number 



4-Bit Sequencer Slice 

Am2909A 



12-brt Single-Chip Sequencer, for up to 4K Microwords 

Am2910 



Speed Selected Version of Am2910 

Am2910-1 



Fastest (IMOX) Version of Am2910, Plus Deeper Stack 

Am2910A 



4-Bit Sequencer Slice, Compact Version of Am2909A 

Am2911A 



4-Bit Program Control Slice 

Am2930 



4-Bit Program Control Slice, Compact Version of 2930 

Am2932 



Interruptible Sequencer, 31-Deep Stack, 8-Bit Slice 

Am29112 



16-Way Branch Control Unit, for 2909A and 2911A 

Am29803A 

i 


Next Address Control Unit, for 2909A and 2911A 

Am29811A 

j 



Clocks 


Description 

Part 

Number 



Single-Chip Clock, Microprogrammable Cycle Lengths 

Am2925 




interrupt Control 


Description 

Part 

Number 



Vectored Priority Interrupt Controller, Expandable 

Am2914 



Priority Interrupt Expander 

Am2913 




Direct Memory Access 


Description 

Part 

Number 



8-Bit DMA Slice, Microprogrammable 

Am2940 



8-Bit DMA Slice, Compact Version of Am2940 

Am2942 




I/O Ports 


Description 

Part 

Number 



8-Bit Bidirectional I/O Port with Handshake 

Am2950 



High Speed (IMOX) Version of Am2950 

Am2950A 



8-Bit Bidirectional I/O Port with Handshake, Inverting 

Am2951 



High Speed (IMOX) Version of Am2951 

Am2951A 



8-Bit Bidirectional I/O Port, 24-Pin Slim Package 

Am2952 



High Speed (IMOX) Version of Am2952 

Am2952A 



8-Bit Bidirectional I/O Port, 24-Pin Slim, Inverting 

Am2953 



High Speed (IMOX) Version of Am2953 

Am2953A 



8-Bit Bidirectional I/O Port, for 29116 

Am29118 
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FUNCTIONAL INDEX (Cont.) 


M 


Dynamic Memory Support Circuits 


Description 

Part 

Number 



Error Detection and Correction Unit, 16 Bits, Expandable 

Am2960 



Sp^ed Selected Version of Am2960 

Am2960-1 

- 


Fastest (IMOX) Ve>sion of Am2960 

Am2960A 



Multiple Bus Buffer for Am2960, Inverting 

Am2961 



Multiple Bus Buffer for Am2960, Noninverting 

Am2962 



Dynamic Memory Controller, 64K DRAMs, up to 256K Words 

Am2964B 



Octal Dynamic Memory Drivers, Three-State, Inverting 

Am2965 

1 


Octal Dynamic Memory Drivers, Three-State, Noninverting 

Am2966 

1 


Dynamic Memory Controller, 256K DRAMs, up to 1 Megaword 

Am2968 



Memory System Timing Controller, Including EDC 

Am2969 



Memory System Timing Controller 

Am2970 



Timing, Refresh, and EDC Controller for MOS MPUs 

Am8163 



Timing, Refresh, and EDC Controller for MOS MPUs 

Am8167 




Array Processing and Digital Signal Processing 


Description 

Part 

Number 



Multiport, Pipelined Processor, 8-Bit Slice 

Am29501 



Multilevel Pipeline Registers, 8-Bit 

Am29520 



Multilevel Pipeline Registers, 8-Bit 

Am29521 



Sine Generator 

Am29526 



Sine Generator 

Am29527 



Cosine Generator 

Am29528 



Cosine Generator 

Am29529 



F FT Address Sequencer 

Am29540 




Diagnostics 


Description 

Part 

Number 



Error Detection and Correction Unit, 16 Bits, Expandable 

Am2960 



Speed Selected Version of Am2960 

Am2960-1 



Fastest (IMOX) Version of Am2960 

Am2960A 



Diagnostics Register, 8 Bits 

Am29818 




Pipeline Registers 


Description 

Part 

Number 



Diagnostics Register, 8 Bits 

Am29818 



Multilevel Pipeline Register, 8 Bits 

Am29520 



Multilevel Pipeline Register, 8 Bits 

Am29521 
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MSI Logic 


Description 

Part 

Number 



One-of-Eight Decoder, Three-State, Polarity Control 

Am2921 



8-Input Multiplexer with Control Register 

Am2922 



8-Input Multiplexer 

Am2923 



Three-to-Eight Decoder/Demultiplexer 

Am2924 



6-Bit Comparator 

Am29806 



9-Bit Comparator 

Am29809 



4-Bit Shifter, Three-State Outputs 

Am25S10 



8-Bit Serial/Parallel Multiplier 

Am25LS14A 



4-Bit Serial/Parallel Adder/Subtractor 

Am25LS15 



8-Bit Serial/Parallel Register, Sign-Extend 

Am25LS22 



^Bit Shift Register, Synchronous Clear 

Am25LS23 



Eight-to-Three Line Priority Encoder, Three-State 

Am25LS2513 



4-Bit ALU/Function Generator 

Am25LS2517 



8-Bit Comparator 

Am25LS2521 



Fastest (IMOX) Version of 25LS2521 

Am25LS2521A 



8-Bit Decoder with Control Storage 

Am25LS2536 



One-of-Ten Decoder, Three-State 

Am25LS2537 



Dual 1-of-4 Decoder, Three-State 

Am25LS2539 



Chip Select Address Decoder 

Am25LS2548 " 



BCD Decade Up/Down Counter, Three-State 

Am25LS2568 



4-Bit Up/Down Counter, Three-State 

Am25LS2569 




Data Communications 


Description 

Part 

Number 



Dual Party-Line Transceivers, Serial 

Am26LS27 



Dual Party-Line Transceivers, Parallel 

Am26LS28 



Quad Driver RS423, Three-State 

Am26LS29 



Quad Driver RS422/423 

Am26LS30 



Quad Driver RS422, High-Speed 

Am26LS31 



Quad Differential Line Receivers 

Am26LS32 



Quad Differential Line Receiver RS422/423 

Am26LS32B 



Quad Differential Line Receiver, High Common Mode 

Am26LS33 
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Description 4 Bits 8 Bits 9 Bits 10 Bits 


Bus Drivers 

2912 

2958 

2959 

2965 

2966 


29827 

29828 

Bus Transceivers (Bidirectional) 

2926 

2929 

26510 

26511 
26S12A 

2946 

2947 

2948 

2949 

29833 

29834 

29863 

29864 

29853 

29854 

29861 

29862 

Registered Bus Drivers and Latched Receivers 

2905 

2906 

2907 

2908 

2915A 

2916A 

2917A 

2927 

2928 




Latches 


2956 

2957 

29845 

29846 

29843 

29844 

29841 

29842 

Registers 

2918 

29LS18 

2919 

■ 

2920 

2954 

2955 

29825 

29826 

8120 

29823 

29824 

29821 

29822 

Multilevel Pipeline Registers 


29520 

29521 



Diagnostics Register 


29818 



Bidirectional, Double-Registered Bus Transceivers 


2950/A 

2951/A 
2952/A 
2953/A 

29118 
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Bipolar Technologies 


Advanced Micro Devices emphasizes Research and Develop¬ 
ment expenditures for developing the most advanced 
technologies for Bipolar processing, circuit design, and Very 
Large Scale Integration (VLSI). 

Today, Advanced Micro Devices’ bipolar products combine 
ECL-internal circuitry, the super high performance IMOX™ 
process, and VLSI integration to offer the system designer the 
most compact high performance integrated circuits. This, plus 
AMD’s systems solution approach to design problems, makes 
the Am2900 Family the best choice for fastest applications. 

IMOX 

First introduced in 1980, IMOX is the name of Advanced Micro 
Devices’ proprietary bipolar process. IMOX is an acronym 
which means; 1) lon-IMplantation of dopants for tighter 
parameter control and lower power consumption; and, 
2) oxide-isolation of transistor structures which results in fas¬ 
ter transistor switching and tighter packing. Older, LS-type pro¬ 
cesses used diffused isolation for isolating transistor structures; 
this had the disadvantage of a large die area and high parasitic 
capacitance. 

AMD is also applying IMOX to bring out higher-speed versions 
of earlier Am2900 devices. Figure 1 shows the evolution of the 
Am2901 Four-bit Microprocessor Slice. First introduced in 1975, 
the Am2901 has been repeatedly redesigned and is now avail¬ 
able in the IMOX Am2901C version, which is less than half the 
size and more than twice the speed of the original Am2901 - 
and costs less. The current generation IMOX process has an 8 
micron pitch (pitch equals the total of the width of metal lines 


plus the spacings between metal lines). In 1983, AMD is bring¬ 
ing into full scale production a completely new Fabrication 
Facility in San Antonio, Texas which will feature the state-of- 
the-art in process and masking equipment, and allow products 
which feature the IMOX process but with a pitch of only 4 mic¬ 
rons, by late 1983. This version of IMOX is termed IMOX-S2. 
The 50% reduction in metal pitch will dramatically increase the 
level of integration of new products and also provides >30% 
increase in device speed. 

ECL-INTERNAL CIRCUITRY 

All Am2900 devices today are TTL-compatible on inputs and 
outputs and use standard +5V and ground for supply voltages. 
TTL is a good interface standard for systems design today, but 
TTL gates are slow, and ECL gates are much faster. To offer 
TTL-compatibility but near-ECL speeds to our customers, 
AMD has adopted a circuit design approach which features all 
ECL-circuitry for the internal circuitry of all LSI and VLSI 
devices (see Figure 2). 

This approach, ECL-internal circuitry, provides near-ECL 
speeds to TTL-I/O designers. Of course the ECL gate struc¬ 
tures inside the device are completely transparent to system 
designers because of the 100% adherence to TTL standards 
for I/O specs. Also, these chips only require +5V and ground 
because internal gates are not the same type of ECL gates as 
those used with 10K or 100K logic. The final point to note is 
that ECL has a reputation for being very power intensive. While 
the Am2900 Family are not low-power devices, they do signifi¬ 
cantly reduce the total power usage in a high performance 


Figure 1. Bipolar Speed/Density Improvements 
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systems design because of the large number of SSI/MSI de¬ 
vices they replace. These ECL gates are not run at the very 
high power levels of traditional ECL circuits. 

Using internal ECL with TTL-l/0 does involve paying a transla¬ 
tion speed penalty at the inputs and outputs of the device, but 
because these devices are LSI and VLSI with many levels of 
internal gating between input and output, the translation pen¬ 
alty is more than compensated for by the extra performance 
gained by the multiple layers of high speed ECL gates. Figure 
3 shows an approximate comparison of the IMOX-with- 
internal-ECL approach to other process/circuit offerings avail¬ 
able to designers utilizing high speed. TTL-compatible ICs. 
IMOX offers an excellent combination of high speed and rela¬ 
tively low power. The speed comes not only from the IMOX 
process but also from the use of ECL gates for internal cir¬ 
cuitry. The FAST and AS/ALS Families are populated primarily 
with MSI devices where ECL-internal gating is not feasible due 
to the few layers of internal gating relative to the TTL/ECL 


translation delay penalty. Note also that Am2900/IMOX devices 
use an order of magnitude less power per gate than traditional 
ECL 10K and 100K devices. 

BIPOLAR VLSI 

Advanced Micro Devices is the leader in high integration, high 
performance integrated circuits. Our largest device to date, the 
Am29116, is a 2500-gate device measuring 68,000 square mils 
in area, and currently in development are devices of four times 
that complexity using our new IMOX^S2 process. AMD’s em¬ 
phasis on Very Large Scale Integration bipolar is best illus¬ 
trated in Figure 4 below. 

Figure 4 demonstrates AMD’s commitment and leadership in 
large scale integration bipolar since the introduction of the 
original Am2901 in 1975. Another graphic demonstration of the 
growing complexity of bur devices is the relative die sizes 
of successively complex arithmetic processors, as shown in 
Figure 5. 


Figure 2. Am2900 Circuit Design for Maximum Speed 
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Ann2900 Components Continuously 
Become Faster and Faster 


MORE SPEED: NO MORE POWER 

There’s a good old tried and proven way to make faster IC’s - 
burn more power. (That's the only real difference between “LS” 
and “S” devices). But that solution isn’t satisfactory for LSI de¬ 
vices like the Am2900 Family. Power Is constrained to existing 
levels for reliability reasons. 

Am2900 parts are always designed to obtain the maximum 
speed at a power level which is safe for the package types and 
operating environment of the part. To increase speeds, new 
technologies must be used to build faster components at no 
increase In power. 

NEW CIRCUIT DESIGN TECHNIQUES MAKE FASTER 
GATES 

One way to make faster components Is to use new circuit de¬ 
sign techniques. The most obvious Is internal ECL, which pro¬ 
vides very fast gates at similar power levels to LS TTL. The 
Am29116 reaches microcycle times of 100ns through the use of 
internal ECL. Other design techniques, such as low-level logic 
(with very small logic swings on-chip), can also provide higher 
speeds without introducing the time penalty of ECL to TTL 
conversion. 

Finally, very low power gates used in non-criticai speed paths 
make more power available for use in critical speed paths. As 
the 2900 Family develops, all these technologies will be used 
within a single component to achieve the highest speeds with¬ 
out increasing power. The Am2903A is one of the first products 
to take advantage of this mixed circuit technology. 

IMPROVED PROCESS CONTROL ALLOWS TIGHTER 
SPECS 

Today’s 2900 parts are carefully characterized over a wide 
range of voltages, temperatures, and process parameters be¬ 
fore an AC specification is published’. As manufacturing 


Figure 1. Price/Performance Improvements 



technology improves, the process is subject to smaller run-to- 
run variations, so that all of the product is closer to design 
nominal. This makes it possible to specify parameters more 
closely to typical without incurring large yield losses. The first 
product reflecting this is the Am2903. 

WHAT’S GOOD FOR THE GOOSE IS GOOD FOR THE 
GANDER 

Many new tools in production technology are emerging, primar¬ 
ily spurred by the emphasis on high-speed MOS memories. 
The same tools, such as projection masking, also provide for 
smaller geometries in bipolar circuits. As MOS gets faster, so 
does bipolar. The Am2901C obtains its speed improvement 
over the Am2901 B through these tools. 

PROCESS TECHNOLOGY TAKES A QUANTUM LEAP 

Current generation LSI/VLSI bipolar devices call for state-of- 
the-art processing technologies. IMOX^” ion-implanted 
micro-oxide technology gives the Am2901C its performance 
improvement over the Am2901B. IMOX also generates incredi¬ 
ble packing densities - the Am29116 has 2500 gates on a 
single bipolar chip! 

DESIGN FOR THE FUTURE 

Every Am2900 part will undergo an evolution as new 
technologies become practical for production. Every part type 
will continuously become faster. The results are easy to ob¬ 
serve - increases in performance at no additional cost (see 
Figure 1). 

Most existing 2900 designs can be offered in higher perfor¬ 
mance versions simply by substitution of the 2901C for the 
2901B, the 2909A for the 2909, the 2903A for the 2903, and so 
forth. Your 2900 design won’t run out of speed in a few years. 
Advanced Micro Devices’ 2900 Family will serve tomorrow’s 
needs as well as today’s. 
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THREE GENERATIONS OF TTL 

Transistor-transistor logic has been the dominant technology 
for digital circuits since it was developed In the mid-1960's. 
It has proven itself to be manufacturable in high volume using 
an extremely reliable process technology. The processes used 
for TTL have evolved over the years, making components 
smaller, faster and less expensive. Relative to a TTL gate 
manufactured in 1966, a gate on a circuit manufactured today 
occupies 1/5 the area, consumes 1/10 the power, is twice as 
fast and costs less than 1/100 the price. 

The circuits built using TTL technology have gone through 
two generations; the Am2900 Family represents the beginning 
of the third. Each generation consists of circuits which are 
.fundamental building blocks of systems — circuits which can 
be interconnected in many different ways to build many 
different systems. Only by producing such universal circuits 
can manufacturing volumes be high enough to generate the 
rapid cost reductions characteristic of the integrated circuit 
industry. 

The quality which distinguishes one generation from another 
is the level of integration used, and, because of the level of 
Integration, the philosophy behind the circuit. 

If one draws a curve plotting the cost of an individual gate 
against the number of gates on a chip, Figure 1 results. 



Figure 1. mpr-ooi 

At the left, cost per gate is inversely proportional to the 
number of gates on the chip. The chip is small enough that 
it does not represent a significant portion of the cost of the 
product — it is virtually free. The cost of the product is 
composed of labor In assembly and test, the cost of processing 
an order, shipping and fixed overhead. Doubling the number of 
gates on the chip doesn't materially affect the cost so the cost 
per gate halves. As the number of gates per chip increases, the 
die begins to cost more, reversing the downward trend. As die 
cost dominates, the cost per gate remains relatively flat until 
the yield of the die begins to decline markedly. The cost per 
gate then begins to rise again. The lowest cost per gate is 
achieved at a level of integration corresponding to the flat 
region. This is the optimum level of integration. 

As technology improves, costs are constantly reduced and the 
optimum level of integration occurs at more and more gates 
per chip. 

The three curves of Figure 2 are the reason for the three 
generations of TTL. Each generation has consisted of funda¬ 
mental system building blocks designed to take advantage of 
the optimum level of integration at the time. 
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Figure 2. mpr-oo 2 

GENERATION I - SSI, 1965 

In 1965, the optimum level of integration was three-to-six 
gates per chip. Users were delighted to buy such chips at 
$10-20 each. The circuits were useful in many systems. They 
consisted of gat6s — the 7400, 7410, 7420 ^ and, pressing the 
state of the art, some flip-flops. They were fundamental 
building blocks. 

GENERATION II - MSI, 1970 

Beginning around 1968, it became economical to put more 
gates on a chip and the Industry was faced with a problem: 
How does one put 20 gates on a chip and build a universal 
building block? Clearly, one answer was to bring the inputs 
and outputs off chip as had been done before. But that was 
the wrong answer. The right answer was to redefine funda¬ 
mental building blocks. The new building blocks fell into seven 
categories: 

• Counters 

• Decoders 

• Multiplexers 

• Operators (adders, comparators) 

• Encoders 

• Registers 

• Latches 

All systems could be defined in terms of these seven functions, 
and integrated circuits could be defined at the 20-50 gate/ 
chip level which performed these functions efficiently. This, 
of course, is MSI. Over the last six or seven years, more and 
more circuits of this type have been introduced, utilizing 
standard gold-doped technology, low-power TTL, high-speed 
TTL, Schottky TTL, and now low-power Schottky TTL " 
technology. Today, there are over 250 different MSI circuits 
and new ones appear every month. But in today's technology, 
many of these circuits are not particularly cost effective. They 
are too small for today's technology and their costs are labor 
intensive. (Labor costs do not follow traditional semiconductor 
pricing patterns.) In 1977, the optimum level of integration 
for bipolar logic was around 500 gates chip. 

GENERATION III - The Am2900 Family, 1976 

At a 500-gate-per-chip level of integration, one does not build 
counters, decoders, and multiplexers. A new definition of 
fundamental system functions was needed. Advanced 
Micro Devices has defined these eight categories: 
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• Data Manipulation 

• Microprogram Control 

• Macroprogram Control 

• Priority Interrupt 

• Direct Memory Access 

• I/O Control 

• Memory Control 

• Front Panel Control 

The Am2900 Family includes circuits designed to perform 
those functions efficiently. They are fundamental system 
building blocks; they contain hundreds of gates per chip; 
they are fast - utilizing Low-Power Schottky TTL techno¬ 
logy and AMD's proprietary IMOX™ technology; they are 
expandable; they are flexible - useful in emulation; and 
they are driven under microprogram control. 

IMOX AND ECL - THE NEXT STEP 

Ever increasing device complexity placed greater and 
greater demands on existing process technologies. Ad¬ 
vanced Micro Devices responded to this challenge by 
introducing its revolutionary IMOX ion-implanted micro¬ 
oxide technology in 1980. Oxide isolation generated 
faster transistor switching and tighter packaging. Ion- 
implantation meant tighter parameter control and lower 
power consumption. The bottom line - an unequalled 
combination of speed and density culminating in the 
Am29116 with a staggering 2500 gates-per-chip. Figure 3 
shows this climb in gate density. 



“Moore’s Law” 


Figure 3. Am2900 Bipolar LSI/VLSI 

Future refinements of IMOX and new device techno¬ 
logies will keep AMD on the leading edge in bipolar LSI/ 
VLSI. Designed to take advantage of these improvements 
in process technology, a new family of microprogram- 
mable 32-bit controller products will set the pace for 
bipolar VLSI in the mid-1980s. 

THE Am2900 FAMILY 

The Am2900 Family consists of a series of LSI building blocks 
designed for use In microprogrammed computers and con¬ 
trollers. Each device is designed to be expandable and suffi¬ 
ciently flexible to be suitable for emulation of many existing 
machines. It is the wide variety of machine architectures pos¬ 
sible with the Am2900 Family which sets it apart from the 
fixed-instruction microprocessors such as the Am8086. 

While an Am8086 can be used to build a microcomputer with 
only four or five packages, an Am2900 design will require 30 
or 40 or more. The Am8086 design will, therefore, almost al¬ 
ways be cheaper. But the Am8086, or any other fixed- 
instruction processor, can execute only one instruction set, so 
it is not really suitable for emulation of another machine. 

Moreover, a fixed-instruction processor operates only on 
words of a single length, usually eight bits. An Am2900 design. 


on the other hand, can be constructed for any word length 
which is a multiple of four bits. 

Many applications require specialized operations to be per¬ 
formed at relatively high speed. Such functions as multiply 
and divide and special graphic control operations, can be done 
In microcode 10-100 times faster than in fixed-instruction 
MOS processors. 

MICROPROGRAMMED ARCHITECTURE 

Most small processors today are being designed using a tech¬ 
nique called microprogramming. In microprogrammed systems, 
a large portion of the system's control is performed by a read 
only memory (usually PROM) rather than large arrays of gates 
and flip-flops. This technique frequently reduces the package 
count in the controller and provides a highly ordered structure 
in the controller, not present when random logic Is used. 
Moreover, microprogramming makes changes in the machines' 
instruction set very simple to perform — reducing the post¬ 
production engineering costs for the system substantially. 

The Am2900 Family of Bipolar LSI devices has been designed 
for use in microprogrammed systems. Each device performs a 
basic system function and is driven by a set of control lines 
from a microinstruction. 

Figure 4 illustrates a typical system architecture. There are 
two "sides" to the system. At the left is the control circuitry 
and on the right is the data manipulation circuitry. The block 
labeled “2901C array” consists of the ALU, scratchpad re¬ 
gisters, data steering logic (all internal to the Am2901Cs), 
plus left/right shift control and carry lookahead circuit. Data is 
processed by moving it from main memory (not shown) into 
the 2901C registers, performing the required operations on it 
and returning the result to main memory. Memory addresses 
may also be generated in the 2901 Cs and sent out to the 
memory address register (MAR). The four status bits from the 
2901Cs ALU are captured in the status register after each 
operation. 

The logic on the left side is the control section of the compu¬ 
ter. This is where the Am2909A, 291OA, or 2911A is used. 
The entire system is controlled by a memory, usually PROM, 
which contains long words called microinstructions. Each mi¬ 
croinstruction contains bits to control each of the data man¬ 
ipulation elements in the system. There are, for example, nine 
bits for the 2901C instruction lines, eight bits for the A and B 
register addresses, two or three bits to control the shifting 
multiplexers at the ends of the 2901C array (see Figure 19, 
2901C data sheet), and bits to control the register enables 
on the MAR, instruction register, and various bus trans¬ 
ceivers. When the bits in a microinstruction are applied to 
all the data elements and everything is clocked, then one 
small operation (such as a data transfer or a register-to- 
register add) will occur. 

A “machine instruction” (such as a minicomputer instruction 
or an 8086 instruction) is performed by executing several 
microinstructions in sequence. Each microinstruction therefore 
contains not only bits to control the data hardware, but also 
bits to define the location in PROM of the next microinstruc¬ 
tion to be executed. The fields are labeled in Figure 4 as I, CC, 
and BA. The I field controls the sequencer. It indicates where 
the next address is located — the //PC, the stack, or the direct 
inputs — and whether the stack is to be pushed or popped. 

The CC field contains bits indicating the conditions under 
which the I field applies. These are compared with the condi¬ 
tion codes in the status register and may cause modification to 
the I field. The comparing and modification occurs In the 
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block labeled "control logic". Frequently this is a PROM or PLA. 
lnthecaseoftheAm2910, it is built into the chip. The BA field 
is a branch address or the address of a subroutine. 

PIPELINING 

The address for the microinstructions is generated by the 
sequencer, starting from a clock edge. The address goes from 
the sequencer to the ROM and, an access time later, the micro¬ 
instruction is at the ROM outputs. 

A pipeline register is a register placed on the output of the 
microprogram memory to essentially split the system In two. 
The pipeline register contains the microinstruction currently 
being executed (T). (Refer to the circled numbers in Figure 4.) 
The data manipulation control- bits go out to the system 


elements and a portion of the microinstruction is returned to 
the sequencer (2) to determine the address of the next micro¬ 
instruction to be executed. That address is sent to the ROM 
and the next microinstruction (J) sits at the Input of the 
pipeline register. So while the 2901 Cs are executing one in¬ 
struction, the next instruction is being fetched from ROM. Note 
that there is no sequential logic in the sequencer between the 
select lines and the output. This is Important because the loop 
(J) to (2) to (3) to ® must occur during a single clock cycle. 
During the same time, the loop from ® to must occur In 
the 2901 Cs. These two paths are roughly the same (around 
200ns worst case for a 16-bit system). The presence of the 
pipeline register allows the microinstruction fetch to occur 
in parallel with the data operation rather than serially, allowing 
the clock frequency to be doubled. 
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The system shown in Figure 4 works as follows. A sequence 
of microinstructions in the PROM is executed to fetch an 
instruction from main memory. This requires that the program 
counter, often in a 2901C working register, be sent to the 
memory address register and incremented. The data returned 
from memory is loaded into the instruction register. The 
contents of the instruction register is passed through a PROM 
or PLA to generate the address of the first microinstruction 
which must be executed to perform the required function. 
A branch to this address occurs through the sequencer. Several 
microinstructions may be executed to fetch data from memory, 
perform ALU operations, test for overflow, and so forth. Then 
a branch will be made back to the Instruction fetch cycle. At 
this point, there may be branches to other sections of micro¬ 


code. For example, the machine might test for an interrupt 
here and obtain an interrupt service routine address from 
another mapping ROM rather than start on the next machine 
instruction. There are obviously rhany possibilities. Through¬ 
out this data book, in application notes, and within data 
sheets, some suggested techniques will be found. 


Additional application notes are in preparation and are planned 
for publication. Advanced Micro Devices' Applications' staff 
is available to answer questions and provide technical assistance 
as well. They may be reached by calling (408) 732-2400, or, 
outside California (800)538-8450. Ask for Am2900 Family 
Applications. 
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Am29100 High-Performance 
Controller Products 


A BETTER WAY IS HERE 

A new family of products from Advanced Micro Devices makes 
high-performance controller design a snap. 

MICROPROGRAMMING; BEST FOR COMPUTERS, 

BEST FOR CONTROLLERS 

Microprogramming, long the preferred approach for computer 
design, offers lots of advantages in controllers as well. The ease 
with which the functions of a microprogrammed controller can be 
enhanced and modified made the original 2900 Family popular 
for many disk, printer and communications controllers. The 
high-speed operation of these microprogrammed systems 
makes It possible to handle higher data rates from newer 
peripheral devices and to build intelligence into the controller. 

But the original 2900 products are architecturally oriented to¬ 
ward computers, with design features optimized for arithmetic 
functions and short sequences of microinstructions. MOS pro¬ 
cessors are good choices for many low-speed applications, but 
when the demand for speed and intelligence goes up, they can¬ 
not keep pace. Controllers need something better: the 29100 
Family. 

The 29100 Family products have been designed from the 
ground up with peripheral control applications in mind. They are 
fast, they are optimized for bit-manipulation, character handling, 
data communication and long, sophisticated microprograms and 
they are designed to work together in a system. 

FAST LIKE YOU’VE NEVER HAD 

The central element of our new high-speed controller family is 
the Am29116 - a 16-bit bipolar microprocessor. It’s not a slice - 
it’s a complete 16-bit processor, with three-input ALU, 32 
scratchpad registers, an accumulator, data latch, barrel shifter. 


priority encoder and status register with conditional code gener¬ 
ation logic. But the Am29116 is far more than a very fast number 
cruncher - it’s been optimized for controller-oriented applica¬ 
tions. It’s instruction set has instructions often needed in con¬ 
trollers that are not available in any other processor. 

A WHOLE FAMILY OF FAST LSI CONTROLLER PARTS 

There’s more to our controller family than just the Am29116. A 
new sequencer, the Am29112, has been expressly designed for 
10MHz microprogram control, with features like real-time inter¬ 
rupt servicing and deep subroutining. Rapid internal data trans¬ 
fer is handled by the Am2940 DMA Address Generator and by 
the Am2950 handshaking I/O port. The Am9520 Burst Error 
Processor will provide a solution for error correction on disk 
reads. Now, more than ever, the 2900 Family is the better solu¬ 
tion for high data rate and highly intelligent control problems. 

TYPICAL CONFIGURATION USING THE 2900 
CONTROLLER FAMILY 

A typical intelligent controller configuration is shown below. The 
basic controller consists of the Am29116, a microprogram con¬ 
trol unit and a high-speed buffer memory. Each microinstruction 
includes: a) a 16-bit instruction field to the Am29116, 
b) next-microinstruction selection bits, c) control for the buffer 
memory, d and e) control for the interface circuits and f) possi¬ 
bly an 8 or 16-bit data field. 

Interface circuits like the Am2940 and Am2950 are used to pro¬ 
vide DMA and to pass data between the controller and the host 
computer. Other circuits are used to interface to the peripheral. 
In this example, a disk interface is shown with a serial-parallel 
converter, a FIFO and a burst error processor. Controllers for 
other peripherals use identical hardware except for the 
peripheral interface itself. 


HIGH-PERFORMANCE INTELLIGENT CONTROLLER 



CONTROL DATA 
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The Am29500 Family 

4 New High-Performance Architecture 
for Digitai Signai/Array Processing 


The "new system designs of the ’80s will continue to press the 
performance limits of technology. Parallel processing and 
pipelined architectures will become the standard approach. The 
new architectures are best implemented with a chip set that has 
been designed from the ground up with high speed array 
processing in mind. 

The Am29500 Family is designed specifically for these new 
architectures. Every key product feature supports the system end 
objective of maximum performance and flexibility. These include; 

• Microprogrammable, parallel functions 

• Pipelined organization used throughout 

• IMOX^“ process and ECL internal structures 

• TTL I/O for easy interfacing 

The first members of the family are targeted for the efficient 
execution of DSP and array processing algorithms. The most 
common include Infinite Impulse Response (HR) and Finite Im¬ 
pulse Response (FIR) digital filters and Fast Fourier Transform 
(FFT) processors. 

The first major building blocks are designed to support maximum 
performance signal processing applications. 

Included are; 

• Am29501 Multi-Port Pipelined Processor 

A specialized parallel processor which executes multiple 
simultaneous data operations. Its Register/ALU structure pro¬ 
vides the key functional element for a high performance signal 
processing system. Eight-bit slice! 


• Am29540 FFT Address Sequencer 

This algorithm-specific VLSI chip generates data and coeffi¬ 
cient addresses for the Fast Fourier Transform. It supports a 
wide variety of FFT algorithms in either radix-2 or radix-4. 

• Am29516/29517 High Speed 16 x 16-Bit Parallel Multipliers 

Both are 16 x 16-bit Parallel Multipliers. The Am29516 is pin 
and functionally compatible with the MPY-16HJ, but with an 
added multiplexer to output the LSP at the MSP port. The 
Am29517 is the same function, but with clock enables for 
microprogrammed applications. 

• Am29520/29521 Multilevel Pipeline Registers 

Both devices contain four 8-bit registers for dual two-stage 
(FFT butterfly) or single four-stage (general purpose) data 
or address pipelining. Combined load-and-shift (Am29520) 
or separate load-and-shift (Am29521) control options are 
available. 

• Am29526/29527/29528/29529 High-Speed Sine/Cosine 
Function Generators 

The sine and cosine functions are necessary for Fast Fourier 
Transforms (FFT). The Am29526/527 generate the most sig¬ 
nificant and least significant byte of the 16-bit sine function 
and the Am29528/529 generate the most significant and least 
significant byte of the 16-bit cosine function. The sine and 
cosine functions are generated to provide a range of e for a 
half cycle, 0 ^ ^ tt, in increments of 7r/2048. All four units 

have a 50ns maximum commercial generation time. 
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A high-performance signal processor may be constructed as 
shown in the diagram. The processor is built entirely with new 
Am29500 digital signal processing and Am2900 devices. 
Such a processor is attached as a slave to the main system 
bus to perform the multitude of arithmetic operations which 
prevail in DSP algorithms. 

Using this architecture it is possible to implement a radix- 
2FFT butterfly in four instruction cycles. This allows a 1024- 
point complex FFT to be performed in approximately 2ms. 

Fast multiplication is the key to high-speed digital-signal pro¬ 
cessing and high-speed array processing. In addition to the 
Am29516 and Am29517, Advanced Micro Devices is de¬ 
veloping an extensive family of multipliers. The first addition to 
the high-performance multiplier group: 

• Am29510 High-Performance 16 x 16 Bit Multiply 
Accumulator 


Am29500 ARRAY PROCESSOR 


HOST COMPUTER 



MPL-026 


The multiply accumulator provides single cycle multiply ac¬ 
cumulation or subtraction. The Am29510 is a pin- and 
function-compatible alternate source for the TRW 
TDC1010J. As illustrated with the Am29516/517, the multi¬ 
ply accumulator will have a speed improvement over 
existing multiply accumulators. 

Am295XX to be announced. 

- More Multipliers 

A proliferation of the existing multiplier architectures will 
generate a complete family of multipliers and multiplier 
accumulators. 

- Floating Point Processors (FPP) 

A 32-bit FPP capable of performing single-cycle 
double-precision floating-point addition, subtraction, 
and multiplication. The FPP performs the arithmetic op¬ 
erations in DEC or IEEE format. Available 1984. 



2-9 

















Ann2960-70 Memory Support Family 
System Overview 


Memory system designs are increasingly shaped by three re¬ 
quirements: 

1. Higher system performance 

2. More memory capacity in less space 

3. Increased reliability 

The Am2960-70 Memory Support Family is a family of LSI 
building blocks which excels in satisfying these three require¬ 
ments and provides a complete systems solution for designs 
using 64K or 256K DRAMs. The family members include: 

Am2960 Error Detection and Correction Unit 

Am2961/62 EDC Bus Buffers 

Am2964B Dynamic Memory Controller (64K DRAM Version) 

Am2965/66 Dynamic RAM Drivers 

Am2968 Dynamic Memory Controller (256K DRAM Version) 

Am2969 Timing Controller 

Am2970 Timing Controller 

Am8163/67 System and Timing Controller for MOS MPUs 

These are general purpose products. They will support any 
suppliers’ DRAMs and will work with any processor type: 8086, 
80186, 80286, 68000, Z8000, and Am2900 processors. They 
may also be used to support word widths of any size from 8 bits 
to 64 bits. 

Figure 1 shows the system interconnection for a typical memory 
system for 256K DRAMs, and Figure 2 shows the system inter¬ 
connection for a typical memory system using 64K DRAMs. In 
both cases, the memory support subsystem interfaces to the 
System Data Bus, Address Bus, and control signals. Also, in 
both cases all, or almost all, of the memory support functions 
are handled by AMD LSI devices. This simplifies the design of 
the memory system and, more importantly, allows the board 
space available for DRAMs to be maximized because the LSI 
solution for control and error correction is very compact. 

ERROR DETECTION AND CORRECTION 

It is important that memory systems function reliably. The 
number of bytes of storage is increasing rapidly in memory sys¬ 
tems at the same time that the density of the MOS DRAMs is 
growing. With 64K and 256K DRAMs, alpha particle sensitivity 
is much greater than that of smaller DRAMs because of the 
reduced size of the memory cells and the smaller stored charge 
of the cell. A Technical Report follows the Am2960 d§ta sheet in 
this section and is entitled “Am2960 Boosts Memory Reliability.” 
This technical report gives some statistics on soft error rates for 
DRAMs and demonstrates the dramatic increase in memory 
reliability gained from the use of Hamming Code Error Detection 
and Correction schemes, such as those used by the Am2960 
EDC (Error Detection and Correction) unit. 

Data interface between the dynamic memories, the Am2960 
EDC chip and the system data bus is accomplished by means of 
the Am2961/62 bus buffers. Figure 3 depicts the architecture of 
these devices along with a simplified block diagram of the 
Am2960. The Am2961 is inverting between the system data bus 
and the EDC bus while the Am2962 is noninverting. As shown in 
Figure 3, the Am2961 and Am2962 contain two internal latches, 
a multiplexer, and a RAM driver output buffer. 


These devices feature 4-bit-wide data paths to and from the 
RAM, the EDC, and the system data bus. The bus-input (Bl) 
latch is used predominantly in byte WRITE operations, so that 
an incoming byte from the system data bus can be stored while 
the memory is being read, and any necessary correction made 
in the bytes not being changed. The bus-output (BO) latch is 
used predominantly for storing the output data if the processor is 
in the single-step mode. In the single-step mode It is necessary 
to hold the output data on the system data bus, but the memory 
must be released for refresh. 

The Am2960 Error Detection and Correction Unit contains all the 
logic necessary to generate check bits on a 16-bit data field 
according to a modified Hamming code and to correct the data 
word when check bits are supplied. Operating on the data read 
from memory, the Am2960 will correct any single-bit error and 
will detect all double- and some triple-bit errors. For 16-bit 
words, 6 check bits are used. The Am2960 is expandable to 
operate on 32-bit words (7 check bits) and 64-bit words (8 
check bits). In all configurations, the device makes the error syn¬ 
drome bits available on separate outputs for data logging. 

The Am2960 also features two diagnostic modes In which diag¬ 
nostic data can be forced into portions of the device to simplify 
device testing and to execute system diagnostic functions. 

The 16-bit Diagnostic Latch is loadable from the bidirectional 
data lines under control of the Diagnostic Latch Enable, LE 
DIAG. It contains check bit information in one byte and control 
information in the other, and is used for driving the device when 
in the Internal Control mode, or for supplying check bits when In 
one of the Diagnostic modes. 

The control logic determines the specific operating mode. Nor¬ 
mally the control logic is driven by external control inputs; how¬ 
ever, in the Internal Control mode, the control signals are instead 
read from the Diagnostic Latch. 

The Am2960 is a very fast EDC device, but even faster versions 
will soon be available. A speed selected version, the Am2960-1, 
is described in the Am2960 data sheet, and an IMOX™ version, 
the Am2960A, will be available by early 1984. All speed- 
improved versions have identical functions and are electrically 
plug-compatible with the current Am2960. 

MEMORY SYSTEM CONTROL AND TIMING 

Two Dyna mic M emor y Con trollers are available for generating 
address, RAS, and CAS signals for memory banks. The 
Am2964B is designed to work with 64K DRAMs of which each 
device can handle up to four banks for a total control capacity of 
256K words. The new Am2968 is designed to work with 256K 
DRAMs and can also handle up to four banks for a total control 
capacity of 1 Megaword (the words can be as many bits wide as 
desired). Also, the Am2968 does not require external driver 
chips as does the Am2964B - the Am2968 has the memory 
drivers, with all of the undershoot control and s peed featur es of 
the Am2965/66, built right into its address, RAS, and CAS 
outputs. 

For generating the timing and control signals required by the 
Am2964B/68 and the Am2960/61/62, there are several different 
devices available, optimized for different system requirements. 
For MOS Microprocessor systems, use the Am8163 or Am8167. 


IMOX is a trademark of Advanced Micro Devices, Inc. 
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Am2960/70 System Overview 


Figure 1. Am2900 High Performance Memory Subsystem Using 256K DRAMs 



Figure 2. Am2900 High Performance Memory Subsystem Using 64K DRAMs 























Am2960/70 System Overview 


Figures. EDC Data Path 



Figure 4. Am2960 Block Diagram 
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Am2960/70 System Overview 


Both of these devices will interface easily to iAPX86/186/286, 
Z8000, or 68000 microprocessors. The Am8163 and Am8167 
provide the control signals and timing signals for the memory 
controllers, the EDC, and the data bus buffers - in addition, the 
Am8163/67 decode the memory system control signals directly 
from the MOS Microprocessor, requiring in most cases only a 
single PAL™ for interfacing. In this section are detailed block 
diagrams of systems showing how to interface the Am2960-70 
Family devices to the most popular MOS microprocessors. 

For high-performance Am2900-based processors or other 
high-speed processor designs, use the Am2969 or Am2970 to 
generate timing and control signals. 

Following Is a description of the function of the Am2964B/65/66 
for Dynamic Memory Control for 64K DRAMs. The Am2968 in¬ 
corporates these features and more into a single IC for use with 
256K DRAMs. 

The Am2964B Dynamic Mem ory C ontr oller is used to provide all 
address handling, as well as RAS and CAS decoding and con¬ 
trol. A block diagram of the Am2964B Dynamic Memory Con¬ 
troller is shown in Figure 5. The device contains 18 input latches 
for capturing an 18-bit address for memory control; the two 
highest order addresses are decoded in the Am2964B to s elect 
one of four banks of RAM by selecting one of the four RAS 
outputs. 

The Am2964B is designed to operate with either 16K Dynamic 
RAMs or 64K Dynamic RAMs. Thus, the designer either uses 14 
of the multiplexer address inputs and 7 of the address outputs or 
all 16 of the multiplexer address inputs and all 8 of the address 
outputs as needed by the memory. In the case of 16K Dynamic 
RAM s, 7 address Inputs are provided to the RAM during the 
RAS LOW signal, and then the 8-bit multiplexer is switch ed so 
that 7 upper address bits are provided to the RAM for the CAS 


LOW part of the cycle. The Am2964B Dynamic Memory Con¬ 
troller contains an 8-bit refresh counter that Is used to supply the 
refresh address to the dynamic memory during the refresh 
cycle. This cou nter c an be used In either the 128 or 256 line 
refresh mode. A CA S buf fer is included in the dynamic memory 
controller so that the CAS output can be inhibited during refresh. 

Normal operation of the Dynamic Memory Controller is to pro¬ 
vide the address, close the input address latches and kick off a 
norm al memory cycle. This is accomplishe d by bringing the 
RASI input LOW, which will cause one of the RAS outputs to go 
LOW. After the required memory timing, the MSEL input will be 
use d to s witch the multiplexer to the other add ress la tch, then, 
the CASI input will be driv en LO W causing the CASO output to 
go LOW and execute the CAS part of the m emory cycle. The 
refresh cycle is executed by driving the RFSH input LOW which 
causes the multiplexer to c onnect the refresh counter to its ad¬ 
dress outputs . The n, the RASI input is driven LOW which 
causes all four RAS outputs to go LOW. This will simultaneously 
refresh all four banks of dynamic RAMs controlled by the 
A m2964 B Dynamic Memory Controller. When either the RFSH 
or RASI input is brought HIGH, the refresh counter is advanced 
so it will be ready for the next refresh cycle. 

As can be seen in Figure 1, Dynamic RAM Driv ers can be u sed 
in large memory sy stems to buffer the Address, RAS, CAS and 
WRITE ENABLE signals to the RAMs. The Am2965 and 
Am2966 are pin compatible devices with the Am74S240 and 
Am74S244. These RAM drivers are specifically designed for 
driving dynamic RAMs and feature high capacitance drive, 
guaranteed maximum undershoot of less than -0.5 volts and 
high Vqh of greater than Vcc -1-15 volts. The Am2965 is in¬ 
verting and the Am2966 is noninverting. The devices feature 
symmetrical rise and fall times and have guaranteed minimum 
and maximum tpp specifications for both 50pF and 500pF loads. 


Figure 5. Am2964B Dynamic Memory Controller 


LE 

CLR 


RSELo 

RSEL^ 

RAST 

RFSH 



PAL is a trademark of Monolithic Memories, Inc. 


2-13 




















Am2900 Family 
Design Aids Index 

Am2900 Family Applications Literature. .. ... 3-1 

Am2900 Evaluation and Learning Kit.... 3-2 

Am29203 Evaluation Board....;..... 3-4 

School of Advanced Engineering . ........ 3-6 

System 29 Development System.................... 3-7 

MIcrotec Assembler. ....... 3-8 

Videotape Seminar Kits .. ....... 3-10 










Am2900 Family Applications Literature 

Available from AMD’s Customer Education Center 


Bit-Slice Design: Controllers 
and ALUs, White D.E., f 

Garland STPM Press, N.Y. (c) 1981 
Price: $34.50 -i- Tax + Shipping 

ISBN 0-8240-7103-4 

This book provides the inexperienced bit-slice design engineer 
with an easily understood description of how a computer control 
unit and ALU is built with the fundamental Am2900 devices 
(Am2901 B. Am2909/11, Am2903, Am2910 and Am2914). 

This book forms the basis of the introductory bit-slice design 
course (ED2900A) at the AMD Customer Education Center. 

Bit-Slice Microprocessor 

Design, Mick and Brick, 

McGraw-Hill Publishing Co. 

1221 Avenue of the Americas 

New York, N.Y. 10020 

Price: $18.50 + Tax -t- Shipping 

ISBN 0-07-041781-4 

This comprehensive book discusses in detail the design of a 
microprogrammed computer using the Am2900 Family for the 
more experienced bit-slice designer. The book also includes 
sections on DMA design with the Am2940/Am2942 
and Program Control Unit design with the Am2930/Am2932. 

The book’s chapters are: 

I - Computer Architecture 

II - Microprogrammed Design 

III - The Data Path 

IV - The Data Path, Part Two 

V - Program Control Unit 

VI - Interrupt 

VII - Direct Memory Access 

VIII - The Hex 29 

IX - The Super Sixteen 

ED2900A Study Guide 

Price: $18.00 + Tax -f- Shipping 

This study guide is used in conjunction with the ED2900A course 
and complements Bit-Slice Design: Controllers 
and ALUs. The study guide contains example design problems, 
exercises and example AMSYS®29 programs. 


Ordering Information 

The above literature may be ordered directly from: 

Customer Education Center 
Advanced Micro Devices, Inc. 

490-A Lakeside Drive, MS; 71 
Sunnyvale, CA 94086 
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The Ann2900 

Evaluation and Learning Kit 


The Am2900 Evaluation Kit system consists of a micropro¬ 
grammed control unit which controls all the inputs to an 
Am2901 microprocessor slice. Thirty-two bit microinstructions 
are entered into a RAM in the control unit using the switch re¬ 
gister. Each microinstruction contains bit to control the 
Am2901A’s A and B addresses, instruction, carry in, and data 
input. Additional bits in the microinstruction control an Am2909 
sequencer which generates the addresses for the micropro¬ 
gram memory. Once entered, microinstructions may be exe¬ 
cuted using a single step clock or using a pulse generator. The 
LED display provides access to nearly every signal pa^h in the 
system. 

Sixteen “sequence control” instructions are available, including 
execute, branch conditional, jump-tp-subroutine, return, and 


loop. Because the set of sequence instructions is implemented 
in a PROM, the user can devise his own set of operations by 
programming a new PROM. 

The kit is supplied as a preassembled board with a manual 
containing theory and a set of exercises. The user need only 
attach a 5V power supply (2.0 ampere rating). 

Working with the kit, the user will gain familiarity with a high 
performance pipelined microprogrammed architecture, and with 
the operation of the Am2909 and Am2901A. By driving the kit 
from a pulse generator, the user pan observe the operation of 
the components in real time, executing real instructions. 

The part number for this kit is Am2900K1. 


Figure 1. Block Diagram of the Am2900 Evaluation and Learning Kit 
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Am29203 Evaluation Board 

Microprogramming Evaluation System 


DISTINCTIVE CHARACTERISTICS 

• 16-bit word size- 

System based around four Am29203 bipolar 
microprocessor slices 

• Structured system approach - 

Integrated system features Am29203, Am2910, Am2904, 
Am2902, and Am2925 functional modules 

• Monitor interface - 

Allows user to develop and analyze microprograms 
through an external screen oriented terminal 

• I/O capability - 

Memory mapped I/O serial port via microprogram 
controllable UART. Additional RS-232 serial port 
dedicated for use by monitor terminal 

• Sequence control - 

Monitor allows Halt, Single Step, and Run control as well 
as breakpoints and escapes from program flow 

• On-board memory- 

1024 word by 48-bit Writeable Control Store and IK by 
16-bit RAM macro-memory on-board 

• Complete user’s manual 


FUNCTIONAL DESCRIPTION 

The Am29203 Evaluation Board is a complete 16-bit 
microprogrammable computer system based on the 
Am29203 bit-slice microprocessor. This single board com¬ 
puter is designed to demonstrate comprehensively the 
execution of a microprogrammed bit-slice system. 

The Am29203 Evaluation Board consists of two logical 
parts, the primary system and the monitor as shown in 
Figure 1. The primary system contains a microprogram 
controller, the Am2910, an arithmetic section centered 
around the Am29203 and Am2904, and a macro-memory 
module which includes an I/O controller. This portion of 
the system is designed for user control and interaction 
(Figure 2). 

The monitor functional unit provides the user interface for 
control of the primary system from an external terminal or 
computer. 

It allows the user to examine and load, various memory, 
register, and ALU bus contents. Additional features include 
run/halt/single-step control modes, breakpoint and escape 
capability, and bulk I/O transfer. 

The system comes completely assembled on a single cir¬ 
cuit board. Two serial I/O ports allow the monitor to inter¬ 
face with an external terminal whileleaving one port free for 
user applications. On-board memory includes a IK word 
Writeable Control Store for microcode and a IK word macro 
memory. All control signals are available at an edge con¬ 
nector for support of up to 32K words of external memory. 

The Am29203 Evaluation Board is intended to familiarize 
the user with a high-performance pipelined micropro¬ 
grammed architecture. To that end, the board can execute 
preprogrammed microcode routine examples as well as 
user programs. The board supports more than nineteen 
different macroinstructioris in six different formats (includ¬ 
ing indexed addressing). 

A complete user’s manual covers architecture, micropro¬ 
gramming, I/O control, monitor operation, and interface to 
external devices. It includes definition files, schematics, and 
timing diagrams. 


Figure 1. Evaluation Board Organization 
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Am29203 Evaluation Board 


Figure 2. Primary System Architecture 
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School of Advanced Engineering 


BIPOLAR APPLICATION DESIGN COURSES 

AMD’s School of Advanced Engineering offers graduate-level instruction in design¬ 
ing with the newest technologies. Bipolar design courses take you from the basics of 
bit-slice architecture through basic design with the 2900 Family on to the micropro¬ 
gram development system and Its application to your design and finally to emulation 
and CPU architecture where students create microcode to drive an actual system, 
using the writable control store of the AmSYS29 development system. 


For More Information: 

Contact your AMD Sales Representative or write to 

Advanced Micro Devices 
School of Advanced Engineering 
Customer Education Center 
490-A Lakeside Drive 
P.O. Box 453 

Sunnyvale, California 94086 U.S.A. 
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AmSYS®29 

Microprogram Development System 


AmSYS29, from Advanced Micro Computers, is the proven sys¬ 
tem for developing microprogrammed machines. It greatly 
simplifies the speed of developing and integrating software and 
hardware for Am2900 based microprogrammed machines. 
AmSYS29 supports 2901/03 based CPU designs, 29116 based 
controller designs and 295XX based signal processing designs. 

A microcode assembly language of your specifications is im¬ 
plemented through AMDASM™. You can then write the micro¬ 
program in your symbolic language and assemble the source file 
with AMDASM. 

The Control Store Emulator contains a high-speed Writable Con¬ 
trol Store to replace microprogram PROM during development. 
Your microsequencer address accesses a block of microcode in 
WCS RAM that can be mapped anywhere in your target system 
memory. 


Emulator Control Logic controls the target system clock providing 
single-step and full speed control with multiple breakpoints. 
Monitor points provide measurements of the target system logic 
state during hardware debug. 

Microprogram support software moves microcode object files out 
to Writable Control Store and saves working programs on to disk. 
DDT29 procedure interfaces the system console to the Control 
Store Emulator providing clock control, breakpoint setting, mi¬ 
croprogram address control, logic state tracing and microcode 
editing. 

AmSYS29 provides complete software and hardware support for 
the development of any microprogrammed system. 













Macro Meta Assembler 
from Microtec* 


The Macro Meta Assember is a valuable programming tool for 
those faced with the problem of writing micro-programs for bit 
slipp processors such as the AMD 2901 and other similar mi- 
croprogrammable microprocessors. It is a necessity for anyone 
faced with the problem of micro-programming any wide-word 
driven micro-sequencer system. 

The Macro Meta Assembler is an enhanced version of 
Microtec’s Meta Assembler. It is totally upward compatible, yet 
can perform many functions that are difficult or impossible with 
more basic packages. 

The principal new feature of the Macro Meta Assembler is a 
powerful macro facility that enables the user to define variable 
length microinstructions using a single mnemonic; to encode 
complex overlayed instructions, and to encode non-contiguous 
fields. Macros may be passed a variety of parameter 
types: Symbols, Numbers, Opcodes, and Character Strings. 
Within the Macro-expansion parameters may be dynamically 
concatenated to existing text or other parameters. Symbols may 
be declared Local to the current Macro or be defined globally, 
and a wide variety of operators have been implemented for use 
with conditional Macro expansion. Macro calls may be nested 
and may be recursive. 

Other features that have been added to the language include the 
availability of boolean and relational operators In expressions, 
automatic generation of parity bits and entry point PROMs. 

The Meta Assembler consists of three separate programs: the 
Definition Program, the Assembly Program, and the PROM 
Formatter Program. These programs allow the user to define a 
unique assembly language, assemble a program written in the 
user-defined language, and organize the resulting object mod¬ 
ule into arrays that are compatible with the target ROM/PROM 
memories. 

The Definition Program allows the user to define Instruction 
mnemonics and their associated formats. Instruction lengths 
may vary from 1 to 128 bits. An Instruction format is defined by 
breaking the microword into fields as variables, constants, or 
“don’t care” bits. The variable fields are filled in at Assembly 
time. Default values and certain permanent attributes may also 
be assigned to variable fields at Definition time. The Definition 
Program produces an output listing and a disk file which con¬ 
tains the symbols and instruction mnemonics. This Definition file 
is used by the Assembly program as a reference when as¬ 
sembling a program. 

The Assembly Program Is similar to a traditional two-pass as¬ 
sembler. A symbolic source program utilizing the mnemonics 
and symbols defined in the Definition Program is read as Input; a 
program listing and object module are generated as output. The 
Assembler provides symbolic addressing, relative addressing, 
paged addressing, and other features found in typical assembly 
programs. The instruction syntax and assembler directives are 
compatible with those utilized by AMD in its literature and 
software products. Additional directives have been Implemented 
for versatile listing and output controls. 

Both the Definition Program and the Assembly Program are 
implemented with Conditional Assembly Operators. Conditional 


statements may be nested up to 16 levels and can be made 
dependent on general expressions, character string equality, 
and symbol definition status. A full cross reference table is pro¬ 
vided in both programs. 

The following directives are included in Microtec’s Macro Meta 
Assembler Program: 

Define a Macro 
End a Macro Definition 
Alternate Macro Exit 
Define a Macro Local Symbol 
Conditional Assembly if Expression is 
Non-Zero 

Conditional Assembly Statement Converse 
Conditional Assembly Statement End 
Conditional Assembly if Character 
Strings Compare 

Conditional Assembly if Character Strings 
Don’t Compare 

Conditional Assembly if Symbol Defined 
Conditional Assembly if Symbol Not Defined 
Generate Entry Point Table 
Duplicate a Line (in timesharing version 
ofAMDASM) 

Define Data Word (In timesharing version 
OfAMDASM) 

The PROM Formatter Program reads the object module pro¬ 
duced by the Assembly Program and translates the format into 
one that can be read by a PROM programmer. BNPF, Data I/O 
ASCII hexadecimal, and the Step Engineering format are sup¬ 
ported. Microwords In the object module can be divided into 
organizations that are compatible with the target PROM/ROM 
array. The length and width of PROMS may be specified as well 
as the value of “don’t care” bits. The PROM Formatter has three 
new features that add to the versatility of the program: single bit 
parity generation; column switching; and column overlaying. 

The Macro Meta Assembler is written In ANSI Fortran and will 
run on any general purpose digital computer that has a Fortran 
IV compiler, a word length of at least 16 bits, a disk or magnetic 
tape facility and 20-24K words of program memory. In most 
systems these programs can be run in an overlayed mode if the 
required memory is not available. 

The programs are well commented and modular. A detailed 
manual, source listing, test programs, and test program output 
listings accompany each software order. The test programs 
allow the operation of the software to be verified quickly and 
easily. A manual is available for a small fee, if further Information 
is desired. 


For additional information, contact Microtec, P.O. Box 60337, 
Sunnyvale, California 94088. Telephone (408) 733-2919. 


MACRO - 
ENDM - 
EXITM - 
LOCAL - 
IF 

ELSE - 
ENDIF - 
IFC 

IFNC 

IFD 

IFND 

MAP 

DUP 

DATA - 


‘This information was provided by Microtec. AMD is not associated with Microtec 3-8 
and does not guarantee their products. 



Meta Assembler Program 
from Microtec* 


Microtec has available a Meta Assembler program for the AMD 
2900 microprocessor and other similar microprogrammable mi¬ 
croprocessors. The Assembler is compatible with AMD’s 
AMDASM program, but is written in ANSI standard Fortran IV 
and will run on any machine that has: 

1. A Fortran IV compiler 

2. A word length of at least 16 bits 

3. A disc or magnetic tape facility 

4. 18K words of Random Access Memory 

(in most systems these programs can be run in an 
overlayed mode if the required memory is not available) 

The Meta Assembler Software Package actually consists of 
three separate programs, a Definition Program, an Assembly 
Program, and a PROM Formatter Program. 

The Definition Program allows the user to define instruction 
mnemonics and their associated formats. Instruction lengths 
may vary from 1 to 128 bits. Symbolic Constants and reserved 
words may also be defined in the Definition Program. An in¬ 
struction format is defined by breaking the microword into fields 
and defining the fields as constants, don’t care bits, or variables 
which are filled in at assembly time. Default values and certain 
permanent attributes may also be assigned to variable fields at 
Definition time. The Definition Program produces an output list¬ 
ing and a disk file consisting of the defined symbols and instruc¬ 
tion mnemonics. This Definition file is used by the Assembly 
program as a reference when assembling a program. 

The Assembly program operates like a traditional assembler. A 
symbolic source program utilizing the mnemonics and symbols 
defined in the Definition Program is read as input, and a listing 
and object module are generated as output. The Assembler 
provides symbolic addressing, relative addressing, paged 
addressing, and other features found in typical assembly 
programs. The instruction syntax and assembler directives are 
compatible with those utilized by AMD in its literature and 
software products. Additional directives have been implemented 
to provide for versatile listing and output controls. 


Conditional Assembly statements are provided in both the De¬ 
finition and Assembly programs. These statements may be 
nested up to 16 levels and can be made dependent on general 
expression. A full cross reference table is also provided in both 
programs. 

Some features of Microtec’s Meta Assembler are particularly 
helpful when assembling code for microprogrammable 
machines. The existence of don’t care bits and instruction over¬ 
laying are included among these features. Bits of a microword 
which are not relevant to a particular instruction format may be 
defined as don’t care bits. Don’t care bits are printed as X’s on 
the listing and do not have to be defined until the PROM For¬ 
matter program is executed. An instruction format with don’t 
care bits can be overlayed with other instruction formats. 
Therefore when useful, an instruction format can be used to 
define only part of the microword, padding out the word with 
don’t care bits. 

The PROM Formatter Program reads the object module file pro¬ 
duced by the Assembly program and translates the format into 
one that can be read by a PROM programmer. Both BNPF and 
Data I/O’s ASCII hexadecimal format are supported. Mi¬ 
crowords in the object module can be broken up into organiza¬ 
tions that are compatible with the target PROM/ROM array. 
Users may specify PROMs of any width and length, as well as 
the value of don’t care bits. Any or all PROMs may be listed 
and/or punched. 

The programs are well commented and modular, A detailed 
manual, source listing, test programs, and test program output 
listings accompany each software order. The test programs 
allow the operation of the software to be verified quickly and 
easily. If the information given here is not sufficient, a manual is 
available for a small fee. 


For additional information, contact Microtec, P.O. Box 60337 
Sunnyvale, Ca. 94088 (408) 733-2919 


•This information was provided by Microtec. AMD is not associated with Microtec, 3-9 
and does not guarantee their products. 




Videotape Seminar Kits 


Advanced Micro Devices regularly prepares and presents seminars worldwide that 
describe the function and application of Its Am2900 Family products. These seminars 
may also be presented at local factory or design centers through arrangement with the 
Field Applications Engineer located at the local AMD Sales Office. 

It is now also possible to order the following seminars in videotape form with 
literature kits. 



The videotape is a 2-3 hour seminar covering the products function in detail and 
demonstrating aspects of system Integration using the products. The literature kit in¬ 
cludes a slide booklet, data sheets of all products covered in the seminar, and other 
relevant material. 

These kits may be ordered from AMD’s Customer Education Center. Contact your 
AMD Sales Representative for more information. 


Order Code Price (USA) 


Am29116 Sixteen-Bit Bipolar 

Microprocessor and Peripherals 

~ Videotape (includes one set of literature) 

Am29116-VIDEO 

$99/Videotape 

- Literature Kit (each additional set) 

Am29116-LIT 

$5/set 

Atn29500 Array Processing 



(Digital Signal Processing Family) 



- Videotape (includes one set of literature) 

Am29116-VIDEO 

$99/Videotape 

- Literature Kit (each additional set) 

Am29116-LIT 

$ 5/set 
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A New Generation of Ann2960 
Family Memory Support Products 


Advanced Micro Devices and Motorola have agreed to cooper¬ 
ate on the development of the next generation of the Am2960 
Family of Memory Support products. These devices are de¬ 
signed to maxirtiize the speed and minimize the cost of mem¬ 
ory systems based on the new generation of high performance 
64K and 256K MOS Dynamic RAMs (DRAMs). 

The products included in this joint development and alternate 
sourcing agreement are a Dynamic Memory Controller (DMC), 
the Am2968, and two Memory Timing Controllers (MTC), the 
Am2969 and Am2970. These functions are partitioned such 
that address generation and refresh are provided by the 
Am2968. Memory timing and control is achieved with either the 
Am2969 or Am2970. This partitioning allows greater design 
flexibility and higher system performance than would be possi¬ 
ble by combining the DMC and MTC functions on a single chip. 
All three devices will be fabricated using the high performance, 
oxide-isolated bipolar technologies with TTL compatible I/O 
levels. 

The Dynamic Memory Controller, Am2968, will provide com¬ 
plete address multiplexing, refreshing, and output drive for up 
to 88 Dynamic Random Access Memories (DRAMs). The 
Am2968 will be packaged in a 48-pin DIP and will interface 
with 16K, 64K or 256K DRAMs. 


The memory timing controller will be available in two versions. 
The Am2969, a 48-pin version, will provide all control signals 
for both the Am2968 Memory Controller and the existing 
Am2960 Error Detection and Correction circuit (EDC). The 
Am2969 Timing Controller will support error logging and also 
handle memory initialization, refresh timing, and memory cycle 
arbitration. The general purpose microprocessor interface on 
the Am2969 will facilitate its use with most microprocessors 
with minimal external logic. The AMD/Intel iAPX86, MC68000 
and AMD 2900 bit-slice and 29116 devices are notable exam¬ 
ples. System timing for all memory functions is derived from an 
external delay line to provide maximum performance and 
flexibility. 

For systems not utilizing the Am2960 Error Detection and Cor¬ 
rection circuit (EDC), a second version of the timing controller, 
the Am2970, will be available without EDC interface/functions. 
The Am2970 will save on IC cost and board space as it will be 
packaged in 24-pin, 300-mil wide DIP. 

Sample quantities on the Am2968 and the Am2970 are ex¬ 
pected in the fourth quarter 1983, with production commencing 
early In 1984. 
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The Am2960 Family 
Dynamic Memory Support Products 


Advanced Micro Devices has developed a set of bipolar high-performance memory-support products to maximize 
the speed and reliability of MOS dynamic RAM systems. This family is designed to provide, in the minimum package 
count, all the logic, interface and control functions required in the address and data paths of memory systems based 
on 16K and 64K devices. 


These TTL-compatible products are specified for use in equipment based on either bipolar or MOS CPUs. The 
Am2960 Series serves bipolar microprocessors such as the Am2901, Am29203, etc., while the AmZ8160 Series 
serves MOS microprocessors, such as the 16-bit AmZSOOO. 

Key System Level Features 

Maximum Memory Performance 



• Schottky performance with matched Tpo paths and skew limit guarantees. 

• Optimized interface devices for maximum speed. 

• Hamming code EDC with internal ECL circuitry for maximum speed combined with maximum memory reliability. 


Lowest Package Count Plus Maximum Flexibility 

s LSI DMC Controller is designed for up to 64K RAMs. 

• EDC is 16-bit expandable slice with byte I/O controls. 

• Flexible interface for speed or minimum parts count. 

Operation in Any Timing Environment 

• Synchronous Clock Timing (AmZSOOO systems). 

• Delay-line timing for maximum performance. 

Operation with Any RAM Refresh Mode 

• 128 of 256 Line Refresh 

All Refresh Modes 

• Burst Refresh • Hidden (transparent) Refresh • Cycle Steal Refresh 


Am2960 Family Product Summary 

Am2960 * AmZ8160 Error Detection and Correction (EDC) 

• High-speed 16-bit slice expandable to 64 bits • Byte-op controls 

• Single-bit correction/double-bit detection • Initialization and diagnostics built-in 

Am2961/62 • AmZ8161/62 EDC Data Bus Buffer 

• EDC interface between RAM, EDC and data bus • Separated F^M I/O with undershoot protection 

• 24mA bus drive with three-state control • Bus latches for byte-op or multiplexed buses 

AmZ8163 EDC and Refresh Control for AmZ8000 Systems 

• RAS/MUX/CAS timing control for AmZ8164 • Memory/refresh request arbitration 

• EDC control for word or byte read and write • Refresh timer and control independent of CPU 

Am2964 • AmZ8164 Dynamic Memory Control (DMC) 

• 16-bit address for up to 64K RAMs • 3-port 8-bit Schottky speed address MUX 

• Refresh Counter for 128- or 256-line refresh • RAS and CAS paths on-chip for minimum skew 

Am2965/66 • AmZ8165/66 Octal Dynamic RAM Drivers 

• -0.5V maximum undershoot • tPLH/l^PHL min and max specs for 50pF and 500pF 

• Voh/Ioh specs for MOS with no external resistors • Pin-compatible with ’S240/244 
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Am2960 •Am2960-1 •Am2960A 
Fast Error Detection and 
Correction for Memories 


Corrects All Single-Bit 
Errors 

Corrects all single bit errors. Detects all double 
and some triple bit errors. 

Expandable 

One Am2960 provides Error Detection and 
Correction for 16-bits, Two Am2960s handle 
32 bits; four Am2960s handle 64 bits. 

Fast 

Worst case 32 nanoseconds for error detect 
and 65 nanoseconds for error correct (16 bits). 

Latches Built-In 

Check Bit, Data, and Diagnostic latches 
are built-in to save MSI. 


Flexible 

Can be used with Am2900-based designs, 
the AmZSOOO or other processors. 

Diagnostics Built-In 

Logic on-chip for device test and software- 
controlled diagnostics. 

Increases 

Memory Reliability 

And can significantly reduce field maintenance 
costs. 

A Must for 
64KRAMS 

Alpha error rates are several times higher for 
64K RAMs than 16Ks. 



Also available 
as the AmZ8160 
for AmZSOOO 
Systems 


Am2960 • Am2960-1 
Am2960A 

Cascadab/e 16-Bit Error Detection and Correction Unit 


DISTINCTIVE CHARACTERISTICS 

• Boosts Memory Reliability 

Corrects all single-bit errors. Detects all double and some 
triple-bit errors. Reliability of dynamic RAM systems is in¬ 
creased more than 60-fold. 

• Very High Speed 

Perfect for MOS microprocessor, minicomputer, and main¬ 
frame systems. 

- Data in to error detect: 32ns worst case. 

- Data in to corrected data out: 65ns worst case. 

High performance systems can use the Am2960 EDC in 
check-only mode to avoid memory system slowdown.; 

• Replaces 25 to 50 MSI chips 

All necessary features are built-in to the Am2960 EDC, includ¬ 
ing diagnostics, data in, data out, and check bit latches. 

• Handies Data Words From 8 to 64 Bits 

The Am2960 EDC cascades: 1 EDC for 8 or 16 bits, 2 for 32 
bits, 4 for 64 bits. 

• Easy Byte Operations 

Separate byte enables on the data out latch simplify the steps 
and cuts the time required for byte writes. 

• Diagnostics Built-in 

The processor may completely exercise the EDC under 
software control to check for proper operation of the EDC. 

GENERAL DESCRIPTION 

The Am2960 Error Detection and Correction Unit (EDC) contains 
the logic necessary to generate check bits on a 16-blt data field 
according to a modified Hamming Code, and to correct the data 
word when check bits are supplied. Operating on data read from 
memory, the Am2960 will correct any single bit error and will 
detect all double and some triple bit errors. For 16-bit words, 6 
check bits are used. The Am2960 is expandable to operate on 
32-bit words (7 check bits) and 64-bit words (8 check bits). In all 
configurations, the device makes the error syndrome available on 
separate outputs for data logging. 

The Am2960 also features two diagnostic modes, in which diag¬ 
nostic data can be forced into portions of the chip to simplify 
device testing and to execute system diagnostic functions. The 
product is supplied in a 48 lead hermetic DIP package. 

TABLE OF CONTENTS 

FUNCTIONAL DESCRIPTION 

Block Diagram . 4-6 

Architecture. 4-7 

Pin Definitions .. 4-8 

16-Bit Configuration .4-11 

32 - Bit Configuration . 4-14 

64-Bit Configuration .4-17 

ELECTRICAL SPECIFICATIONS 

APPLICATIONS 

Byte Write.4-36 

Diagnostics ...4-36 

Eight-Bit Data Word .4-36 

Other Word Widths . 4-36 

Single Error Correction Only. 4-36 

Check Bit Correction.4-37 

Multiple Errors ..4-37 

SYSTEM DESIGN CONSIDERATIONS 

High Performance Parallel Operation .4-39 

EDC in the Data Path. 4-39 

Scrubbing Avoids Memory Errors.4-39 

Correction of Double Bit Errors.4-39 

Error Logging and Preventative Maintenance.4-40 

Reducing Check Bit Overhead .4-41 

EDC Per Board vs. EDC Per System.4-41 

FUNCTIONAL EQUATIONS . 4-42 

Am2960 BOOSTS MEMORY RELIABILITY. 4-46 

ADVANCED INFORMATION 

Am2960-1 

• Speed selected version of Am2960 on the critical data paths 

• Plug-in replacement for Am2960 

Am2960A 

• Second generation of Am2960 EDC internal ECL circuitry and 
state-of-the-art process technology combined to provide 
fastest version of popular Am2960. 

• Plug-in replacement for Am2960 

• Improved speed 

25-30% speed improvement on the critical paths versus 
the Am2960 

Am2960-1 

• Speed selected version of Am2960 on the critical data paths. 

• Plug-in replacement for Am2960. 

Am2960A 

• Second generation of Am2960 EDC internal ECL circuitry and 
state-of-the-art process technology combined to provide 
fastest version of popular Am2960. 

• Plug-in replacement for Am2960. 

• Improved speed 

25 - 30% speed improvement on the critical paths versus 
the Am2960. 
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EDC Architecture 

The EDC Unit is a powerful 16-bit cascadable slice used for 
check bit generation, error detection, error correction and diag¬ 
nostics. 

As shown in the block diagram, the device consists of the 
following: 

- Data Input Latch 

- Check Bit Input Latch 

- Check Bit Generation Logic 

- Syndrome Generation Logic 

- Error Detection Logic 

- Error Correction Logic 

- Data Output Latch 

- Diagnostic Latch 

- Control Logic 

Data Input Latch 

16 bits of data are loaded from the bidirectional DATA lines 
under control of the Latch Enable input, LE IN. Depending on the 
control mode the input data is either used for check bit genera¬ 
tion or error detection/correction. 

Check Bit Input Latch 

Seven check bits are loaded under control of LE IN. Check bits 
are used in the Error Detection and Error Correction modes. 

Check Bit Generation Logic 

This block generates the appropriate check bits for the 16 bits of 
data in the Data Input Latch. The check bits are generated ac¬ 
cording to a modified Hamming code. 

Syndrome Generation Logic 

In both Error Detection and Error Correction modes, this logic 
block compares the check bits read from memory against a 
newly generated set of check bits produced for the data read in 
from memory. If both sets of check bits match, then there are no 
errors. If there is a mismatch, then one or more of the data or 
check bits is in error. 

The syndrome bits are produced by an exclusive-OR of the two 
sets of check bits. If the two sets of check bits are Identical 


(meaning there are no errors) the syndrome bits will be all 
zeroes. If there are errors, the syndrome bits can be decoded to 
determine the number of errors and the bit-in-error. 

Error Detection Logic 

This section decodes the syndrome bits generated by the Syn¬ 
drome Generation Logic. If there are no errors in either the input 
data or check bits, the ERROR and MULT ERR OR outpu ts re¬ 
main HIGH. If one or more errors are dete cted, ERR O R goes 
LOW. If two or more errors are detected, both ERROR and MULT 
ERROR go LOW. 

Error Correction Logic 

For single errors, the Error Correction Logic complements (cor¬ 
rects) the single data bit in error. This corrected data is loadable 
into the Data Output Latch, which can then be read onto the 
bidirectional data lines. If the single error is one of the check bits, 
the co'rrection logic does not place corrected check bits on the 
syndrome/check bit outputs. If the corrected check bits are 
needed the EDC must be switched to Generate Mode. 

Data Output Latch 

The Data Output Latch is used for storing the result of an error 
correction operation. The latch is loaded from the correction 
logic under control of the Data Output Latch Enable, LE OUT. 
The Data Output Latch may also be loaded directly from the 
Data Input Latch under control of the PASS THRU control input. 

The Data Output Latch is split into two 8-bit (byte) latches which 
may be enabled independently for reading onto the bidirectional 
data lines. 

Diagnostic Latch 

This is a 16-bit latch loadable from the bidirectional data lines 
under control of the Diagnostic Latch Enable, LE DIAG. The 
Diagnostic Latch contains check bit information in one byte and 
control information in the other byte. The Diagnostic Latch is 
used for driving the device when in Internal Control Mode, or for 
supplying check bits when in one of the Diagnostic Modes. 

Control Logic 

The control logic determines the specific mode the device oper¬ 
ates in. Normally the control logic is driven by external control 
inputs. However, in Internal Control Mode, the control signals 
are instead read from the Diagnostic Latch. 
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PIN DEFINITIONS 


DATAq.-is 16 bidirectional data lines. They provide input to 
the Data Input Latch and Diagnostic Latch, and 
receive output frorh the Data Output Latch. DATAq 
is the least significant bit; DATA-15 the most sig¬ 
nificant. 

CBq.s Seven Check Bit input lines. The check bit lines 
are used to input check bits for error detection. 
Also used to input syndrome bits for error correc¬ 
tion in 32 and 64-bit configurations. 

LE IN Latch Enable - Data Input Latch. Controls latch¬ 
ing of the input data. When HIGH the Data Input 
Latch and Check Bit Input Latch follow the input 
data and input check bits. When LOW, the Data 
Input Latch and Check Bit Input Latch are latched 
to their previous state. 

GENERATE Generate Check Bits input. When this input is 
LOW the EDC is in the Check Bit Generate Mode. 
When HIGH the EDC is in the Detect Mode or 
Correct Mode. 

In the Generate Mode the circuit generates the 
check bits or partial check bits specific to the data 
in the Data Input Latch. The generated check bits 
are placed on the SC outputs. 

In the Detect or Correct Modes the EDC detects 
single and multiple errors, and generates syn¬ 
drome bits based upon the contents of the Data 
Input Latch and Check Bit Input Latch. In Correct 
Mode, single-bit errors are also automatically cor¬ 
rected - corrected data is placed at the inputs of 
the Data Output Latch. The syndrome result is 
placed on the SC outputs and indicates in a coded 
form the number of errors and the bit-in-error. 

SCo-6 Syndrome/Check Bit outputs. These seven lines 
hold the check/partial-check bits when the EDC is 
In Generate Mode, and will hold the syndrome/ 
partial syndrome bits when the device Is in Detect 
or Correct Modes. These are 3-state outputs. 

OE SC Output Enable - Syndrome/Check Bits. When 
LOW, the 3-state output lines SCq-s are enabled. 
When HIGH, the SC outputs are in the high Im¬ 
pedance state. 

ERROR Error Detected output. When the EDC is In Detect 
or Correct Mode, this output will go LOW if one or 
more syndrome bits are asserted, meaning there 
are one or more bit errors in the data or check bits. 
If no syndrome bits are asserted, there are no er¬ 
rors detected and the output will be HIGH. In Gen¬ 
erate Mode, E RROR is forced HIGH. (In a 64-blt 
configuration, ERROR must be externally im¬ 
plemented.) 

MULT Multiple Errors Detected output. When the EDC is 

ERROR in Detect or Correct Mode, this output if LOW indi¬ 
cates that there are two or more bit errors that 
have been detected. If HIGH this indicates that 
either one or no errors have been detected. In 


Generate mode, MULT E RROR is force d HIGH. 
(In a 64-bit configuration, MULT ERROR must be 
externally implemented.) 

CORRECT Correct input. When HIGH this signal allows the 
correction network to correct any single-bit error In 
the Data Input Latch (by complementing the 
bit-in-error) before putting it onto the Data Output 
Latch. When LOW the EDC will drive data directly 
from the Data Input Latch to the Data Output Latch 
without correction. 

LE OUT Latch Enable - Data Output^ Latch. Controls the 
latching of the Data Output Latch. When LOW the 
Data Output Latch is latched to its previous state. 
When HIGH the Data Output Latch follows the 
output of the Data Input Latch as modified by the 
correction logic network. In Correct Mode, single¬ 
bit errors are corrected by the network before 
loading into the Data Output Latch. In Detect 
Mode, the contents of the Data Input Latch are 
passed through the correction network unchanged 
into the Data Output Latch. The inputs to the Data 
Output Latch are unspecified if the EDC is in Gen¬ 
erate Mode. 

OE BYTE Q, Output Enable - Bytes 0 and 1, Data Output 

OE BYTE 1 Latch. These lines control the 3-state outputs for 
each of the two bytes of the Data Output Latch. 
When LOW these lines enable the Data Output 
Latch and when HIGH these lines force the Data 
Output Latch into the high impedance state. The 
two enable lines can be separately activated to 
enable only one byte of the Data Output Latch at a 
time. 

PASS Pass Thru input. This line when HIGH forces the 

THRU contents of the Check Bit Input Latch onto the 
Syndrome/Check Bit outputs (SCo-e) and the un¬ 
modified contents of the Data Input Latch onto the 
inputs of the Data Output Latch. 

DIAG Diagnostic Mode Select. These two lines control 

MODEq.i the initialization and diagnostic operation of the 
EDC. 

CODE IDo .2 Code Identification inputs. These three bits iden¬ 
tify the size of the total data word to be processed 
and which 16-bit slice of larger data words a par¬ 
ticular EDC is processing. The three allowable 
data word sizes are 16, 32 and 64 bits and their 
respective modified Hamming codes are desig¬ 
nated 16/22, 32/39 and 64/72. Special CODE ID 
input 001 (ID 2 , ID 1 , IDq) is also used to instruct the 
EDC that the signals CODE ID 0 - 2 . DIAG 
MODE 0 . 1 , CORRECT and PASS THRU are to be 
taken from the Diagnostic Latch, rather than from 
the input control lines. 

LE DIAG Latch Enable - Diagnostic Latch. When HIGH the 
Diagnostic Latch follows the 16-bit data on the 
input lines. When LOW the outputs of the Diag¬ 
nostic Latch are latched to their previous states. 
The Diagnostic Latch holds diagnostic check bits, 
and internal control signals for CODE ID 0 . 2 , DIAG 
MODE 0 . 1 , CORRECT and PASS THRU. 
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FUNCTIONAL DESCRIPTION 

The EDC contains the logic necessary to generate check bits on a 
16-bit data field according to a modified Hamming code. Operat¬ 
ing on data read from memory, the EDC will correct any single-bit 
error, and will detect all double and some triple-bit errors. The 
Am2960 may be configured to operate on 16-bit data words (with 
6 check bits), 32-bit data words (with 7 check bits) and 64-bit data 
words (with 8 check bits). In fact the EDC can be configured to 
work on data words from 8 to 64 bits. In all configurations, the 
device makes the error syndrome bits available on separate 
outputs for error data logging. 

Code and Byte Specification 

The EDC may be configured in several different ways and oper¬ 
ates differently in each configuration. It is necessary to indicate to 
the device what size data word is involved and which bytes of the 
data word it is processing. This is done with input lines CODE 
•Dq-s- as shown in Table I. The three modified Hamming codes 
referred to in Table I are: 

• 16/22 - 16 data bits 

- 6 check bits 

- 22 bits in total. 

• 32/39 code - 32 data bits 

- 7 check bits 

- 39 bits in total. 

• 64/72 code - 64 data bits 

- 8 check bits 

- 72 bits in total. 

CODE ID input 001 (ID 2 , ID^, IDq) is a special code used to 
operate the device in Internal Control Mode (described later in 
this section). 


Control Mode Selection 

The device control lines are GENERATE, CORRECT, PASS 
THRU, DIAG MODEq.! and CODE IDo-a- Table III Indicates 
the operating modes selected by various combinations of the 
control line inputs. 

Diagnostics 

Table 11 shows specifically how DIAG MODEq.i select between 
normal operation, initialization and one of two diagnostic modes. 

The Diagnostic Modes allow the user to operate the EDC under 
software control in order to verify proper functioning of the device. 

Check and Syndrome Bit Labeling 

The check bits generated in the EDC are designated as follows: 

• 16-bit configuration - CX CO, Cl, C2, C4, C8; 

• 32-bit configuration - CX, CO, Cl, C2, C4, C8, C16; 

• 64-bit configuration - CX, CO, Cl, C2, C4, C8, C16, C32. 

Syndrome bits are similarly labeled SX through S32. There are 
only 6 syndrome bits in the 16-bit configuration, 7 for 32 bits and 8 
syndrome bits in the 64-bit configuration. 

initialize Mode 

The inputs of the Data Output Latch are forced to zeroes. The 
check bit outpu ts (S C) are generated to correspond to the all-zero 
data. ERROR and MULT ERROR are forced HIGH In the Ini¬ 
tialize Mode. 

Initialize Mode is useful after power up when RAM contents are 
raridom. The EDC may be placed in initialize mode and its’ 
outputs written in to all memory locations by the processor. 


TABLE I. HAMMING CODE AND SLICE IDENTIFICATION. 


CODE 

ID 2 

UJ 

0 9 
0 

CODE 

IDo 

Hamming Code and Slice Selected 

0 

0 

0 

Code 16/22 

0 

0 

1 

Internal Control Mode 

0 

1 

0 

Code 32/39, Bytes 0 and 1 

0 

1 

1 

Code 32/39, Bytes 2 and 3 

1 

0 

0 

Code 64/72, Bytes 0 and T 

1 

0 

1 

Code 64/72, Bytes 2 and 3 

1 

1 

0 

Code 64/72, Bytes 4 and 5 

1 

1 

1 

Code 64/72, Byt6s 6 and 7 


TABLE II. DIAGNOSTIC MODE CONTROL. 


DIAG 

MODE^ 

DIAG 

MODEq 

Diagnostic Mode Selected 

0 

0 

Non-diagnostic mode. The EDC functions normally in all modes. 

0 

1 

Diagnostic Generate. The contents of the Diagnostic Latch are substi¬ 
tuted for the normally generated check bits when in the Generate Mode. 

The EDC functions normally in the Detect or Correct modes. 

1 

0 

Diagnostic Detect/Correct. In the Detect or Correct Mode, the contents 
of the Diagnostic Latch are substituted for the check bits normally read 
from the Check Bit Input Latch. The EDC functions normally In the 

Generate Mode. 

1 

1 

Initialize. The outputs of the Data Input Latch are forced to zeroes (and 
latched upon removal of the Initialize Mode) and the check bits 
generated correspond to the all-zero data. 
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HAMMING CODE SELECTION 

The Am2960 EDC uses a modified Hamming Code that allows 1) 
the EDC to be cascaded, 2) all double errors to be detected, 3) the 
gross error conditions of all Os or 1s to be detected. 

The error correction code can be selected independent of the 
processor with the exception of diagnostics software. 

Diagnostic software run by a processor to checkout the EDC 
system must know specifically which code is being used. This is 
only a problem when the EDC replaces an existing MSI im¬ 


plementation on an existing computer. In this case, the compu¬ 
ter’s software must first determine which of two codes (the old one 
used by the MSI implementation or the new one used by the EDC) 
is used by the computer’s memory system. 

This is easily determined by writing a test data word into memory 
and then examining whether the generated check bits are typical 
of the old or the new code. From then on the software runs only 
the diagnostic appropriate for the code used on that particular 
computer’s memory system. 


TABLE ill. Am2960 OPERATING MODES 


Operating 

Mode 

Diagnostic Mode** 

GENERATE 

DMi 

DMq 

0 

1 

Normal 

0 

0 

Generate 

Correct* 

Diagnostic 

Generate 

0 

1 

Diagnostic 

Generate 

Correct* 

Diagnostic 

Correct 

1 

0 

Generate 

Diagnostic 

Correct* 

Initialize 

1 

1 

Initialize 

Initialize 

Pass Thru 

When PASS THRU is asserted the Operating 

Mode is defaulted to the Pass Thru Mode. 


"Correct if the CORRECT Input is HIGH, Detect if the CORRECT Input is LOW. 

*"ln Code ID 2.0 001 (ID 2 , ID-j, IDq) DM.| and DMq are taken from the Diagnostic Latch. 
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FUNCTIONAL DESCRIPTION - 
16-BIT DATA WORD CONFIGURATION 

The 16-bit format consists of 16 data bits, 6 check bits and is 
referred to as 16/22 code (see Figure 5.) 

The 16-blt configuration is shown in Figure 6 . 


Generate Mode 

In this mode check bits will be generated that correspond to the 
contents of the Data Input Latch. The check bits generated are 
placed on the outputs SC 0.5 (SCe is a logical one, or high). 

Check bits are generated according to a modified Hamming code. 
Details of the code for check bit generation are contained in Table 
IV. Each check bit is gerierated as either an XOR or XNOR of 
eight of the 16 data bits as indicated in the table. The XOR 
function results in an even parity check bit, the XNOR is an odd 
parity check bit. 

Figure 1 shows the data flow in the Generate Mode. 


Detect Mode 

In this mode the device examines the contents of the Data Input 
Latch against the Check Bit Input Latch, and will detect all 
single-bit errors, all double-bit erro rs and so me triple-bit errors. If 
one or more errors are d etected, ERROR goes LOW. If two or 
more errors are detected, MULT ERROR goes LOW. Both error 
indicators are HIGH if there are no errors. 

Also available on device outputs SCQ .5 are the syndrome bits 
generated by the error detection step. The syndrome bits may be 
decoded to determine if a bit error was detected and, for single-bit 
errors, which of the data or check bits is in error. Table V gives the 
chart for decoding the syndrome bits generated by the 16-bit 
configuration (as an example, jf the syndrome bits SX/S0/S1/ 
S2/S4/S8 were 101001 this would be decoded to indicate that 
there is a single-bit error at data bit 9). If no error is detected the 
syndrome bits will all be zeroes. 

In Detect Mode, the contents of the Data Input Latch are driven 
directly to the inputs of the Data Output Latch without correction. 


Correct Mode 

In this mode, the EDC functions the same as in Detect Mode 
except that the correction network is allowed to correct (comple¬ 
ment) any single-bit error of the Data Input Latch before putting it 
onto the inputs of the Data Output Latch, (see Figure 2.) If mul¬ 
tiple errors are detected, the output of the correction network is 
unspecified. If the single-bit error is a check bit there is no au¬ 
tomatic correction. If check bit correction is desired, this can be 
done by placing the device in Generate Mode to produce a 
correct check bit sequence for the data in the Data Input Latch. 
Pass Thru Mode 

In this mode, the unmodified contents of the Data Input Latch are 
placed on the inputs of the Data Output Latch and the contents of 
the Che ck Bit Input Latch are placed on outputs SC 0 . 5 . 
ERROR and MULT ERROR are forced HIGH in this mode. 

Diagnostic Latch 

The Diagnostic Latch serves both for diagnostic uses and internal 
control uses. It is loaded from the DATA lines under the control of 
LE DIAG. Table VI shows the loading definitions for the DATA 
lines. 

Diagnostic Generate 
Diagnostic Detect 
Diagnostic Correct 

These are special diagnostic modes selected by DIAG MODEq..| 
where either normal check bit inputs or outputs are substituted for 
by check bits loaded into the Diagnostic Latch. See Table ill for 
details. Figures 3 and 4 illustrate the flow of data during the two 
diagnostic modes. 

Internal Control Mode 

This mode is selected by CODE ID 0.2 input 001 (ID 2 , ID-|, IDq). 
When in Internal Control Mode, the EDC takes the CODE ID 0 . 2 , 
DIAG MODEq.-,, correct and PASS THRU control signals 
from the internal Diagnostic Latch rather than from the external 
input lines. 

Table VI gives the format for loading the Diagnostic Latch. 



Figure 1. Check Bit Generation 
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BYTE 0 I CX I CO I Cl I C2 I C4 I C8 


Uses Modified Hartiming Code 16/22 

- 16 data bits ’ . . 

- 6 check bits ' 

- 22 bits in total; ■ 


INPUT CHECK BITS 
FOR 16-BIT CONFIGURATION 


. ---- . 

DATAo. 15 CX CO Cl C2 C4 C8 CARE 



SYNDROME/CHECK BIT OUTPUTS 
FOR 16-BIT CONFIGURATION 


Figure 5. 16-Bit Data Format 


Figure 6. 16-Bit Configuration 


TABLE IV. 16-BIT MODIFIED HAMMING CODE - CHECK BIT ENCODE CHART. 


Generated 

Check 

Bits 

Parity 

Participating 

Data Bits 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

GX 

Even (XOR) 


X 

X 

X 


X 

X 


X 

X 

CO 

Even (XOR) 

X 

X 

X 


X 


X 


X 


X 


X 

C1 

; 0 ’dd(XN 0 R) 

X 



X 

X 



X 


X 

X 



X 


X 

, “ 1 

•bdd (XNOR) 

X 

X 




X 

X 

X 

X 

X 

X 



C 4 

■^ven(XOR) 



X 

X 

X 

X 

X 

X 




X 

X 

C8 

Even (XOR) 




X 

X 

X 

2 ^ 

X 

X 

X 


The check bit is generated as either an XOR or XNOR of the eight data bits noted by an “X" in the table. 


TABLE V. SYNDROME DECODE 
TO BIT-IN-ERROR. 


Syndrome 

Bits 

SX SO SI 

S8 

S4 

S2 

0 

0 

0 

0^ 

0 

■0 

1 

1 

0 

0 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

0 

0 

0 


* 

ca 


T 

C2 

T 

T 

M 

0 

0 

1 


Cl 


-T 

15 

T 

13 

7 

T 

0 

1 

0 


CO 

T 

T 

M 

T 

12 

6 

T 

0 

1 

1 


T 

10 

■/4 1 

T 

0 

T 

T 

M 

1 

0 

0 


CX 

T 


14 ! 

T 

11 

5 

T 

1 

0 

1 


T 1 

9 

3 

T 

M 

T 

T 

M 

1 

1 

0 


~T~| 

8 

2 

T 

1 

T 1 

T 

M 

1 

1 

1 



jk 


M 

T 

_1 


JL 

T 


* - no errors detected 

Number - the location of the single>blt-ln-error 
T - two errors detected 
M - three or more errors detected 


TABLE VI. DIAGNOSTIC LATCH LOADING ~ 
16-BIT FORMAT. 


Data Bit 

Internal Function 

0 

Diagnostic Check Bit X 

1 

Diagnostic Check Bit 0 

2 

Diagnostic Check Bit 1 

3 

Diagnostic Check Bit 2 

4 

Diagnostic Check Bit 4 

5 

Diagnostic Check Bit 8 

6 , 7 

Don’t Care 

8 

CODE ID 0 

9 

CODE ID 1 

10 

CODE ID 2 

11 

DIAG MODE 0 

12 

DIAG MODE 1 

13 

CORRECT 

14 

PASS THRU 

15 

Don’t Care 
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FUNCTIONAL DESCRIPTION - 
32-BIT DATA WORD CONFIGURATION 

The 32-bit format consists of 32 data bits, 7 check bits and is 
referred to as 32/39 code (see Figure 7). 

The 32-bit configuration is shown in Figure 8. 

The upper EDC (Slice 0/1) handles the least significant bytes 0 
and 1 - the external DATA lines 0 to 15 are connected to the 
same numbered inputs of the upper device. The lower EDC 
(Slice 2/3) handles the most significant bytes 2 and 3 - the 
external DATA lines for bits 16 to 31 are connected to inputs 
DATAq through DATA^s respectively. 

The valid syndrome and check bit outputs are those of Slice 2/3 
as shown in the diagram. In Correct Mode these must be read Into 
Slice 0/1 via the CB inputs and are selected by the MUX as inputs 
to the bit-in-error decoder (see block diagram), thus requiring 
external buffering and output enabling of the check bit lines as 
shown. The OE SC signal can be used to control enabling of 
check bit inputs - when syndrome outputs are enabled, the 
external check bit inputs will be disabled. 

The valid ER ROR and M ULT ERROR ou tputs are those of the 
Slice 2/3. The ERROR and MULT ERROR outputs of Slice 0/1 are 
unspecified. All of the latch enables and control signals must be 
input to both of the devices. 

Generate Mode 

In this mode check bits will be generated that correspond to the 
contents of the Data Input Latch. The check bits generated are 
placed on the outputs SCq-s of Slice 2/3. 

Check bits are generated according to a modified Hamming 
code. Details of the code for check bit generation are contained 
In Table X. Check bits are generated as either an XOR or 
XNOR of 16 of the 32 data bits as indicated in the table. The 
XOR function results in an even parity check bit, the XNOR in 
an odd parity check bit. 

Detect Mode 

In this mode the device examines the contents of the Data Input 
Latch against the Check Bit Input Latch, and will detect all 
single-bit errors, all dogble-bit erro rs and so me triple-bit errors. If 
one or more errors are de tected, ERROR goes LOW. If two or 
more errors are detected, MULT ERROR goes LO W. Both e rror 
indicators are H IGH if there are no errors. The valid ERROR and 
MULT ERROR signals are those of Slice 2/3 - those of Slice 0/1 
are undefined. 

Also available on Slice 2/3 outputs SCq-s are the syndrome bits 
generated by the error detection step. The syndrome bits may 
be decoded to determine if a bit error was detected and, for 
single-bit errors, which of the data or check bits is In error. Table 
VII gives the chart for decoding the syndrome bits generated 
for the 32-bit configuration (as an example, if the syndrome bits 
SX/S0/S1/S2/S4/S8/S16 were 0010011 this would be decoded 
to indicate that there is a single-bit error at data bit 25). If no 
error is detected the syndrome bits will be all zeroes. 

In Detect Mode, the contents of the Data Input Latch are driven 
directly to the inputs of the Data Output Latch without correc¬ 
tions. 


Correct Mode 

In this mode, the EDC functions the same as In Detect Mode 
except that the correction network is allowed to correct (com¬ 
plement) any single-bit error of the Data Input Latch before put¬ 
ting It onto the inputs of the Data Output Latch. If multiple errors 
are detected, the output of the correction network is unspecified. 
If the single-bit error Is a check bit there Is no automatic correc¬ 
tion - if desired this would be done by placing the device in 
Generate Mode to produce a correct check bit sequence for the 
data in the Data Input Latch. 

For data correction, both Slices 0/1 and 2/3 require access to the 
syndrome bits on Slice 2/3’s outputs SCo-e- Slice 2/3 has access 
to these syndrome bits through internal data paths, but for Slice 
0/1 they must be read through the inputs CBo-e- The device 
connections for this are shown in Figure 8. When in Correct 
Mode the SC outputs must be enabled so that they are available 
for reading in through the CB Inputs. 

Pass Thru Mode 

In this mode, the unmodified contents of the Data Input Latch 
are placed on the inputs of the Data Output Latch and the con¬ 
tents of the Check Bit Input Latch are placed on outputs SCo-e of 
Slice 2/3. ERROR and MULT ERROR are forced HIGH in this 
mode. 

TABLE VII. SYNDROME DECODE TO BIT-IN-ERROR. 


sx 

Syndrome 

Bits 

SO SI 

S2 

S16 

S8 

S4 

0 

0 

0 

1 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

0 

0 

0 

0 



C16 

C8 

T 

C4 

T 

T 

30 

0 

0 

0 

1 


C2 

T 

T 

27 

T 

5 

M 

T 

0 

0 

1 

0 


Cl 

T 

T 

25 

T 

3 

15 

T 

0 

0 

1 

1 


T 

M 

13 

T 

23 

T 

T 

M 

0 

1 

0 

0 


CO 

T 

T 

24 

T 

2 

M 

T 

0 

1 

0 

1 


T 

1 

12 

T 

22 

T 

T 

M 

0 

1 

1 

0 


T 

M 

10 

T 

20 

T 

T 

M 

0 

1 

1 

1 


16 

T 

1 

T ; 

M 

T 

M 

M 

T 

1 

0 

0 

0 


CX 

T 

T 

M 

T 

I 

M 

14 

T 

1 

0 

0 

1 


T 

M 

11 

• 

T 

-1 

21 

T 

T 

M 

1 

0 

1 

0 


T 1 

M 

9 

T 

19 

T 

T 

31 

1 

0 

1 

1 


M 

T 

T 

29 

T 

7 

M 

T 

1 

1 

0 

0 


T 

M 

8 

T 

18 

T 

T 

M 

1 

1 

0 

1 


17 

T 

T 

28 

T 

6 

M 

T 

1 

1 

1 

0 


M 

T 

T 

26 

T 

4 

M 

T 

1 

1 

1 

1 


T 

0 

M 

T 

M 

T 

T 

M 


* - no errors detected 

Numbers - number of the single bit-in-error 

T - two errors detected 

M - three or more errors detected 


Uses Modified Hamming Code 32/39 data ___check bits 


- 32 data bits 

- 7 check bits 


BYTE 3 

BYTE 2 

BYTE 1 

BYTEO 

0 

0 

0 

0 

0 

C8 

C16 

- 39 bits in total 

3 

1 24 

23 16 

Il5 8 



Figure 7. 32-Bit Data Format mpr-732 
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INPUT DATA INPUT CHECK BITS 



ERROR -_^_ 

OUTPUT SYNDROME/CHECK BITS 


*Check Bit Latch is Forced Transparent in this 
Code ID Combination for this Slice. 


Figure 8. 32-Bit Configuration 


TABLE VIII. KEY AC CALCULATIONS FOR THE 32-BIT CONFIGURATION 


32-Bit 

Propagation Delay 

Component Delay from Am2960 

AC Specifications, Table C 

From 

To 

DATA 

Check Bits 

Out 

(DATA to SC) + (CB to SC, CODE ID Oil) 

DATA In 

Corrected 

DATA Out 

(DATA to SC) + (CB to SC, CODE ID 011 ) + 
(CB to DATA, CODE ID 010 ) 

DATA 

Syndromes 

Out 

(DATA to SC) + (CB to SC, CODE ID 011 ) 

DATA 

ERROR for 

32 Bits 

(DATA to SC) + (CB to ERROR, 

CODE ID oil) 

DATA 

MULT ERROR 
for 32 Bits 

(DATA to SC) + (CB to MULT ERROR, 

CODE ID oil) 
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TABLE IX. DIAGNOSTIC LATCH LOADING - 
32-BIT FORMAT. 


Data Bit 

Internal Function 

0 

Diagnostic Check Bit X 

1 

Diagnostic Check Bit 0 

2 

Diagnostic Check Bit 1 

3 

Diagnostic Check Bit 2 

4 

Diagnostic Check Bit 4 

5 

Diagnostic Check Bit 8 

6 

Diagnostic Check Bit 16 

7 

Don’t Care 

8 

Slice 0/1 - CODE ID 0 

9 

Slice 0/1 - CODE ID 1 

10 

Slice 0/1 - CODE ID 2 

11 

Slice 0/1 - DIAG MODE 0 

12 

Slice 0/1 - DIAG MODE 1 

13 

Slice 0/1 - CORRECT 

14 

Slice 0/1 - PASS THRU 

15 

Don’t Care 

16-23 

Don’t Care 

24 

Slice 2/3 - CODE ID 0 ' 

25 

Slice 2/3 - CODE ID 1 

26 

Slice 2/3 - CODE ID 2 

27 

Slice 2/3 - DIAG MODE 0 

28 

Slice 2/3 DIAG MODE 1 

29 

Slice 2/3 - CORRECT 

30 

Slice 2/3 - PASS THRU 

31 

Don’t Care 


TABLE X. 32-BIT MODIFIED HAMMING CODE - CHECK BIT ENCODE CHART. 


Generated 

Check 


Participating Data Bits 

Bits 

Parity 

0 

1 

2 

3 

4 

5 

6 


8 

9 

10 

11 

12 

13 

14 

15 

CX 

Even (XOR) 


X 


X 

X 

X 

X 


X 

X 

CO 

Even (XOR) 

X 

X 

X 


X 


X 


X 


X 


X 

Cl 

Odd (XNOR) 

X 



X 

X 



X 


X 

X 



X 


X 

C 2 

Odd (XNOR) 

X 

X 




X 

X 

X 

X 

X 

X 



C 4 

Even (XOR) 



X 

X 

X 

X 

X 

X 




X 

X 

C8 

Even (XOR) 



X 

X 

X 

JL 

X 

X 

X 

X 

C 16 

Even (XOR) 

JL 

X 

X 


JL 

X 

X 

X 




Generated 

Check 

Bits 

Parity 

Participating Data Bits 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

E] 

31 

CX 

Even (XOR) 


X 

X 

X 


X 

X 

X 


X 

CO 

Even (XOR) 

X 

X 

X 


X 


X 


X 


X 


X 

Cl 

Odd (XNOR) 1 

X 



X 

X 



X 


X 

X 



X 


X 

C 2 

Odd (XNOR) 

X 

X 




X 

X 

X 

X 

X 

X 



C 4 ' 

Even (XOR) 



X 

X 

X 

X 

X 

X 




X 

X 


Even (XOR) 



X 

X 

X 

X 

X 

X 

X 

X 

C 16 

Even (XOR) 



X 

X 

X 

X 

X 

X 

X 

X 


The check bit is generated as either an XOR or XNOR of the sixteen data bits noted by an “X” in the table. 
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FUNCTIONAL DESCRIPTION - 
64-BIT DATA WORD CONFIGURATION 

The 64-bit format consists of 64 data bits, 8 check bits and is 
referred to as 64/72 code (see Figure 9.). 

The configuration to process 64-bit format is shown in Figure 6. In 
this configuration a portion of the syndrome generation and error 
detection is implemented externally of the EDCs in MSI. For error 
correction the syndrome bits generated must be read back into all 
four EDCs through the CB inputs. This necessitates the check bit 
buffering shown in the connection diagram of Figure 10. The 
OE SC signal can control the check bit enabling - when syn¬ 
drome bit outputs are enabled the external check bit lines will 
be disabled so that the syndrome bits may be read onto the CB 
inputs. 

The error detection signals for the 6 4-bit confi guration differ from 
the 16 and 32-bit configurations. The ERROR signal functions the 
same: it is LOW if one or more errors are detected, and HIGH if no 
errors are detected. The DOUBLE ERROR signal is HIGH if and 
onl y if a double-bit e rror is detected - it is LOW otherwise . All of 
the MUL T ERROR outputs of the four devices are valid. MULT 
ERROR is LOW for ail three ERROR cases and some DOUBLE 
ERROR combinations. (See TOME definition in Functional 
Equations section.) It is HIGH if either zero or one errors are 
detected. 

This is a different meaning for MULT ERROR than in other 
configurations. 

Generate Mode 

In this mode check bits will be generated that correspond to the 
contents of the Data Input Latch. The check bits generated ap¬ 
pear at the outputs of the XOR gates as indicated in Figure 10. 
Check bits are generated according to a modified Hamming code. 
Details of the code for check bit generation are contained in Table 
XII. Check bits are generated as either an XOR or XNOR of 32 
of the 64 bits as indicated in the table. The XOR function re¬ 
sults in an even parity check bit, the XNOR in an odd parity 
check bit. 

Detect Mode 

In this mode the device examines the contents of the Data Input 
Latch against the Check Bit Input Latch, and will detect all 
single-bit errors, all double-bit err ors and so me triple-bit errors. If 
one or more errors are detected, ERROR goes LOW. If exactly 
two errors are detected, D OUBLE ERRO R goes HIGH. If t hree or 
more err ors are detected, MULT ERROR goes LOW - the MULT 
ERROR output of any of the four EDCs may be used. 

Available as XOR gate outputs are the generated syndrome bits 
(see Figure 10). The syndrome bits may be decoded to deter¬ 
mine if a bit error was detected and, for single-bit errors, which 
of the data or check bits is in error. Table XIII gives the chart 
for encoding the syndrome bits generated for the 64-bit config¬ 
uration (as an example, if the syndrome bits SX/S1/S2/S4/S8/ 


S16/S32 were 00100101 this would be decoded to indicate that 
there is a single-bit error at data bit 41). If'no error Is detected 
the syndrome bits will all be zeroes. 

In Detect Mode the contents of the Data Input Latch are driven 
directly to the inputs of the Data Output Latch without corrections. 

Correct Mode 

In this mode, the EDC functions the same as in Detect Mode 
except that the correction network is allowed to correct (comple¬ 
ment) any single-bit error of the Data Input Latch before putting it 
onto the Inputs of the Data Output Latch. If multiple errors are 
detected, the output of the correction network Is unspecified. If the 
single bit error is a check bit there is no automatic correction. 
Check bit correction can be done by placing the device in gener¬ 
ate mode to produce a correct check bit sequence for the data In 
the Data Input Latch. 

To perform the correction step, all four slices require access to 
the syndrome bits which are generated externally of the devices. 
This access is provided by reading the syndrome bits in through 
the CB inputs where they are selected as inputs to the bit-in¬ 
error decoder by the multiplexer (see block diagram). The de¬ 
vice connections for this are shown in Figure 10. When in Cor¬ 
rect Mode the SC outputs niust be enabled so that the syn¬ 
drome bits are available at the CB inputs. 

Pass Thru Mode 

In this mode, the unmodified contents of the Data Input Latch are 
placed on the inputs of the Data Output Latch, and the contentsiof 
the Check Bit Input Latch are passed through the external XOR 
network and appear inverted at the XOR gate outputs labeled 
CX to C32 (see Figure 10). 

Diagnostic Latch 

The Diagnostic Latch serves both for diagnostic uses and internal 
control uses. It is loaded from the DATA lines under the control of 
LE DIAG. Table XIV shows the loading definitions for the DATA 
lines. 

Diagnostic Generate 
Diagnostic Detect 
Diagnostic Correct 

These are special diagnostic modes selected by DIAG 
MODEq.-) where either normal check bit inputs or outputs are 
substituted for by check bits from the Diagnostic Latch. See 
Table 11 for details. 

Internal Control Mode 

This mode is selected by CODE ID 0 . 2 , input 001 (ID 2 , ID-j, IDq). 
When in Internal Control Mode the EDC takes the CODE ID 0 . 2 , 
DIAG MODEq.-! , CORRECT and PASS THRU signals from the 
internal Diagnostic Latch rather than from the external control 
lines. Table XIV gives format for loading the Diagnostic Latch. 


DATA CHECK BITS 


1 BYTE 7 

BYTE 6 

BYTE 5 

BYTE 4 

BYTE 3 

BYTE 2 

BYTE 1 

BYTEO 






C8 

C16 

C32 

63 

48 

47 

32 

31 

16 

15 

0 

r 


Uses Modified Hamming Code 64/72 

- 64 data bits 

- 8 check bits 

- 72 bits in total 

Figure 9. 64-Blt Data Format mpr-734 
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TABLE XL KEY AC CALCULATIONS FOR THE 64-BIT CONFIGURATION 


64-Bit 

Propagation Delay 

Component Delays from Am2960 

AC Specifications, Table C (plus MSI) 

From 

To 


Check Bits Out 

(DATA to SC) + (XOR Delay) 

DATA In 

Corrected DATA Out 

(DATA to SC) + (XOR Delay) + (Buffer Delay) + 

(CB to DATA, CODE ID 1xx) 


Syndromes 

(DATA to SC) + (XOR Delay) 


ERROR for 64 Bits 

(DATA to SC) + (XOR Delay) + (NOR Delay) 

DATA 

MULT ERROR for 64 Bits 

(DATA to SC) + (XOR Delay) + (Buffer Delay) + 

(CB to MULT ERROR, CODE ID Ixx) 


DOUBLE ERROR for 64 Bits 

(DATA to SC) + (XOR Delay) + (XOR/NOR Delay) 
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TABLE XII. 64-BIT MODIFIED HAMMING CODE - CHECK BIT ENCODE 


Generated 

Check 


Participating Data Bits 

Bits 

Parity 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

CX 

Even (XOR) 


X 

X 

X 


X 



X 

X 


X 



X 


CO 

Even (XOR) 

X 

X 

X 


X 


X 


X 


X 


X 




C1 

Odd (XNOR) 

X 



X 

X 



X 


X 

X 



X 


X 

C2 

Odd (XNOR) 

X 

X 




X 

X 

X 




X 

X 

X 



C4 

Even (XOR) 



X 

X 

X 

X 

X 

X 







X 

X 

C8 j 

Even (XOR) 









X 

X 

X 

X 

X 

X 

X 

X 

C16 

Even (XOR) 

X 

X 

X 

X 

X 

X 

X 

X 









C32 

Even (XOR) 

X 

X 

X 

X 

X 

X 

X 

X 










Generated 

Check 

Bits 

Parity 

Participating Data Bits 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

CX 

Even (XOR) 


X 

X 

X 


X 



X 

X 


X 



X 


CO 

Even (XOR) 

X 

X 

X 


X 


X 


X 


X 


X 




C1 

Odd (XNOR) 

X 



X 

X 



X 


X 

X 



X 


X 

C2 

Odd (XNOR) 

X 

X 




X 

X 

X 




X 

X 

X 



C4 

Even (XOR) 



X 

X 

X 

X 

X 

X 







X 

X 

‘ C8 

Even (XOR) 









X 

X 

X 

X 

X 

X 

X 

X 

C16 

Even (XOR) 









X 

X 

X 

X 

X 

X 

X 

X 

C32 

Even (XOR) 









X 

X 

X 

X 

X 

X 

X 

X 


Generated 

Check 

Bits 

Parity 

Participating Data Bits 

32 33 34 35 

36 37 38 39 

40 41 42 43 

44 45 46 47 

CX 

CO 

Even (XOR) 
Even (XOR) 

X 

XXX 

X XX 

X X 

X 

X X 

XXX 

X 

o o 

Odd (XNOR) 
Odd (XNOR) 

X X 

X X 

X X 

XXX 

X X 

X 

X X 

X X 

00 
O O 

Even (XOR) 
Even (XOR) 

XX 

X X X X 

X X X X 

X X 

X X X X 

C16 

C32 

Even (XOR) 
Even (XOR) 

X X X X 

X X X X 

X X X X 

X X X X 


Generated 

Check 

Bits 

Parity 

Participating Data Bits 

48 49 50 51 

52 53 54 55 

56 57 58 59 

60 61 62 63 

CX 

CO 

Even (XOR) 
Even (XOR) 

X 

XXX 

X X X 

X X 


XX X 

X 

o o 

Odd (XNOR) 
Odd (XNOR) 

X X 

X X 

X X 

XXX 

X X 

X 

X X 

X X 

C4 

C8 

' Even (XOR) 
Even (XOR) 

X X 

X X X X 

X X X X 

X X 

X X X X 

C16 

C32 

Even (XOR) 
Even (XOR) 

X X X X 

X X X X 

bbh 



The check bit is generated as either an XOR or XNOR of the 32 data bits noted by an "X" in the table. 


4-20 












Am2960/60-1/60A 


TABLE XIII. SYNDROME DECODE TO BIT-IN-ERROR. 



Syndrome 


S32 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 


Bits 


S16 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 





S8 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 





S4 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

sx 

SO 

SI 

S2 


















0 

0 

0 

0 


* 

C32 

Cl 6 

T 

C8 

T 

T 

M 

C4 

T 

T 

M 

T 

46 

62 

T 

0 

0 

0 

1 


C2 

T 

T 

M 

D 

o 

IQ 

T 

T 

[Ql 

o 

D 

M 

D 

B 

Q| 

0 

0 

1 

0 


Cl 

T 

T 

M 

T 

41 

57 

T 

T 

51 

35 

T 

15 

T 

B 

B 



1 

1 


T 

M 

M 

T 

O 

n 

D 

o 

Q| 

D 

D 

7 

D 

Q| 

m 

B 



0 

0 


CO 

T 

T 

M 

T 

40 

56 

T 

T 

50 

34 

D 


a 

B 

IQI 


H 

0 

1 


T 

49 

33 

T 

m 

n 

T 

28 

22 

T 

T 

a 

D 



B 

0 

1 

1 

0 

1 

T 

M 

M 

T 

10 

T 

T 

26 

20 

T 

T 

D 

D 

m 

Q| 

T 

0 

1 

1 

1 


16 

T 

T 

0 

T 

M 

M 

T 

T 

M 

M 

D 

IQIIII 

D 

B 

on 

1 

0 

0 

0 


CX 

T 

T 

M 

T 

M 

M 

T 

T 

M 

M 

B 

D 

D 

B 

IQi 

1 

0 

0 

1 


T 

M 

. 

M 

T 

11 

T 

T 

27 

21 

T 

T 

5 

T 

M 

M 

T 

1 

0 

1 

0 


T 

M ‘ 

M 

T 

9 

T 

T 

25 

19 

T 

T 

3 

T 

47 

63 

T 

1 

0 

1 

1 


M 

T 

T 

M 

T 

45 

61 

T 

T 

55 

39 

T 

M 

T 

T 

“j 

1 

1 

0 

0 


T 

M 

M 

T 

8 

T 

T 

24 

18 

T 

T 

2 

T 

WM 


B 

1 

1 

0 

1 


17 

T 

T 

■ 1 

T 

44 

60 

T 

T 

54 

38 

T 

M 

T 

T 

M 

1 

1 

1 

0 


M 

T 

T 

M 

T 

42 

58 

T 

T 

52 

36 

T 

M 

T 

T 

M 

1 

1 

1 

1 


T 

48 

32 


M 

T 

T 

__ 1 

M 

Qj 

n 


M 

T 

M 

M 

T 


* - no errors detected T - two errors detected 

Number - the number of the single bit-in-error M - more than two errors detected 


TABLE XIV. DIAGNOSTIC LATCH LOADING - 64-BIT FORMAT. 


Data Bit 

Internal Function 

31 

Don’t Care 

32-37 

Don’t Care 

38 

Diagnostic Check Bit 16 

39 

Don’t Care 

40 

Slice 4/5 - CODE ID 0 

41 

Slice 4/5 - CODE ID 1 

42 

Slice 4/5 - CODE ID 2 

43 

Slice 4/5 - DIAG MODE 0 

44 

Slice 4/5 - DIAG MODE 1 

45 

Slice 4/5 - CORRECT 

46 

Slice 4/5 - PASS THRU 

47 

Don’t Care 

48-54 i 

Don’t Care 

55 

Diagnostic Check Bit 32 

56 

Slice 6/7 - CODE ID 0 

57 

Slice 6/7 - CODE ID 1 

58 

Slice 6/7 - CODE ID 2 

59 

Slice 6/7 - DIAG MODE 0 

60 

Slice 6/7 - DIAG MODE 1 

61 

Slice 6/7 - CORRECT 

62 

Slice 6/7 - PASS THRU 

63 

Don’t Care 


Data Bit 

internai Function 

0 

Diagnostic Check Bit X 

1 

Diagnostic Check Bit 0 

2 

Diagnostic Check Bit 1 

3 

Diagnostic Check Bit 2 

4 

Diagnostic Check Bit 4 

5 

Diagnostic Check Bit 8 

6 , 7 

Don’t Care 

8 

Slice 0/1 - CODE ID 0 

9 

Slice 0/1 - CODE ID 1 

10 

Slice 0/1 - CODE ID 2 

11 

Slice 0/1 - DIAG MODE 0 

12 

Slice 0/1 ~ DIAG MODE 1 

13 

Slice 0/1 - CORRECT 

14 

Slice 0/1 - PASS THRU 

15 

Don’t Care 

16-23 

Don’t Care 

24 

Slice 2/3 - CODE ID 0 

25 

Slice 2/3 - CODE ID 1 

26 

Slice 2/3 - CODE ID 2 

27 

■ 

Slice 2/3 - DIAG MODE 0 

28 

Slice 2/3 - DIAG MODE 1 

29 

Slice 2/3 - CORRECT 

30 

Slice 2/3 - PASS THRU 
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MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature 

-65to+150°C 

Temperature (Case) Under Bias 

-55to+125°C 

Supply Voltage to Ground Potential 

-0.5V to +7.0V 

DC Voltage Applied to Outputs for high Output State 

-0.5V to Vqq max. 

DC Input Voltage 

-0.5 to +5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

-30 to +5.0 mA 


OPERATING RANGE 


P/N Range Temperature Vcc 


Am2960DC, XC 

COM’L 

Ta = 0 to +70°C 

Vcc = 5.0V ±5% (MIN = 4.75V, MAX = 5.25V) 

Am2960DM, FM, XM 

MIL 

Tc = -55 to +125°C 

Vcc = 5.0V ± 10% (MIN = 4.50V, MAX = 5.50V) 


DC CHARACTERISTICS 


Typ 

Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units 


Vqh 

Output HIGH Voltage 

Vcc = 

V|N = V,H or V|L 

Iqh — —0.8mA 

COM’L 

2.7 



Volts 

MIL 

2.4 



Vql 

Output LOW Voltage 

Vcc = min, 

V|N = V|H or V,L 

Iql = 8 mA 



0.5 

Volts 

V,H 

Input HIGH Voltage 

Guaranteed Input Logical HIGH 

Voltage for all Inputs (Note 7) 

2.0 

• 


Volts 

VlL 

Input LOW Voltage 

Guaranteed Input Logical LOW 

Voltage for all Inputs (Note 7) 



0.8 

Volts 

V, 

Input Clamp Voltage 

Vcc = 'in = -18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = '^AX 

V,N = 0.5V 

DATAo.^5 



-410 

mA 

All Other Inputs 



-360 

'IH 

Input HIGH Current 

Vcc = MAX 

V|N = 2.7V 

DATAo.15 



70 

fxA 

All Other Inputs 



50 

l| 

Input HIGH Current 

Vcc = V|N = 5.5V 



1 .0,, 

mA 

'OZH 

'OZL 

Off State (High Impedance) 
Output Current 

Vcc ''^AX 

DATAo.^5 

Vo = 2.4 



70 

IxA 

Vo = 0.5 



-410 


cvi 

11 

>° 



50 

Vo = 0.5 



-50 

'os 

Output Short Circuit Current 
(Note 3) ! 

Vcc = Vcc •'^AX +0.5V, Vo = 0.5V 

-25 


-85 

mA 

'cc 

_I 

Power Supply Current 
(Note 6) 



Ta = 25“C 

■ 

276 

390 

mA 

Vcc = I^AX 

COM’L 

Ta = 0 to +70“C 



400 

Ta = +70°C 



365 

MIL 

Tc = -55 to +125°C 



400 

Tc = +125°C 



345 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. These are three-state outputs internally connected to TTL inputs. Input Characteristics are measured with output enables HIGH. 

5. “MIL” = Am2960XM, DM, FM. “COM’L” = Am2960XC, DC. 

6 . Worst case Iqc is at minimum temperature. 

7. These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. 
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Notes on Testing 

Incoming test procedures on this device should be carefully plan¬ 
ned, taking Into account the complexity and power levels of the 
part. The following notes may be useful. 

1. Insure the part is adequately decoupled at the test head. Large 
changes in Vqq current as the device switches may cause 
erroneous function failures due to Vqq changes. 

2. Do not leave Inputs floating during any tests, as they may start 
to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 


may allow the ground pin at the device to rise by 100’s of 
millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l or 
V||_j until the noise has settled. AMD recommends using VjL 
0.4V and V||_| ^ 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups of 
tests. 

6 . To assist in testing, AMD offers documentation on our test 
procedures and, in most cases, can provide Fairchild Sentry 
programs, under license. 
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1. Am2960 Guaranteed Commercial 
Range PeHormance 

The tables below specify the guaranteed performance of the 
Am2960 over the commercial operating range of 0 to +70®C, with 


Vqq from 4.75V to 5.25V. All data are in ns, with inputs switching 
between OV and 3V at 1 V/ns and measurements made at 1.5V. 
All outputs have maximum DC load. 

This data applies to the following part numbers: Am2960DC, XC. 


A. Combinational Propagation Delays 

Cl = 50pF 







From Input 

SC0.6 

DATAo.15 

ERROR 

MULT ERROR 

DATAq-is 

32 

65* 

32 

50 

CBo-e 

(CODEID2-0 000, 011) 

28 

56 

29 

47 

CBo-e 

(CODE ID2.0 010, 100, 

101 , 110, 111) 

28 

45 

29 

34 

GENERATE 

35 

63 

36 

55 

CORRECT 

(Not Internal Control Mode) 

- 

45 

- 

- 

DIAG MODE 

(Not Internal Control Mode) 

50 

78 

59 

75 

PASS THRU 

(Not Internal Control Mode) 

36 

44 

29 

46 

CODE ID2-0 

61 

90 

60 

80 

LE IN 

(From latched to transparent) 

39 

72* 

39 

59 

LE OUT 

(From latched to transparent) j 

- 

31 

- 

- 

LE DIAG 

(From latched to transparent; 

Not Internal Control Mode) 

45 

78 

45 

65 

Internal Control Mode: 

LE DIAG 

(From latched to transparent) 

67 

96 

66 

86 

Internal Control Mode: 

DATAo.^5 

(Via Diagnostic Latch) 

- i 

67 

96 

66 

86 


*Data In (or LE In) to Correct Data Out measurement requires timing as shown in Figure D opposite. 
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B. Set-up and Hold Times Relative to Latch Enables 


From Input 

To 

(Latching 
Up Data) 

Set-up Time 

Hoid Time 

DATAo.15 

LE IN 

6 

7 

CBo-6 

LE IN 

5 

6 

DATAq-is 

LE OUT 

44 

5 

CBo-e 
(CODE ID 

000, 011) 

LE OUT 

35 

0 

CBo.6 

(CODE ID 010, 
100,101,110, 111) 

LE OUT 

27 

0 

GENERATE 

LE OUT 

42 

0 

CORRECT 

LE OUT 

26 

1 

DIAG MODE 

LE OUT 

69 

0 

PASS THRU 

LE OUT 

26 

0 

CODE ID2-0 

LE OUT 

81 

0 

LE IN 

LE OUT 

51 

5 

DATAg-is 

LE DIAG 

6 

8 


C. Output Enable/Disable Times 

Output disable tests performed with Cl = 5pF and 
measured to 0.5V change of output voltage level. 


input 

Output 

Enable 

Disable 

OEBYTEO, 
OE BYTE 1 

DATAo.15 

30 

30 

OESC 

sco-e 

30 

30 


D. Minimum Puise Widths 


LE IN, LE OUT, LE DIAG 




DATAq-is 


OE BYTE 0 & 1 


VALID 

INPUT 

DATA 


DATA IN TO 

■ CORRECT DATA OUT ' 


1 


CORRECT 

DATA 

OUTPUT 


DATA TO LE IN 
‘ SET-UP TIME 


\ 


DATA TO LE IN 
~ HOLD TIME 




Figure D. 
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1. Am2960 Guaranteed Military 
Range Performance 

The tables below specify the guaranteed performance of the 
Am2960 over the military operating range of -55 to -i-125®C 
case temperature, with Vcc from 4.5V to 5.5V. All data are in 


ns, with inputs switching between OV and 3V at 1V/ns and 
measurements made at 1.5V. All outputs have maximum DC 
load. 

This data applies to the following part numbers: Am2960DM, FM, 
XM. 


A. Combinational Propagation Delays 


Cl = 50pF 


^Output 

From Input 

SC 0.6 

DATAo.15 



ERROR 

MULT ERROR 

DATAq-is 

35 

73* 

36 

56 

CBo-e 

(CODE 102-0 000, 011) 

30 

61 

31 

50 

CBo-e 

(CODE ID2-0 010, 100, 

101 , 110, 111) 

30 

50 

31 

37 

GENERATE 

38 

69 

41 

62 

CORRECT 

(Not Internal Control Mode) 

- 

49 

- 

- 

DIAG MODE 

(Not Internal Control Mode) 

58 

89 

65 

90 

PASS THRU 

(Not Internal Control Mode) 

39 

51 

34 

54 

CODE ID2.0 

69 

100 

68 

90 

LE IN 

(From latched to transparent) 

44 

82* 

43 

66 

LE OUT 

(From latched to transparent) 

- 

33 

- 

- 

LE DIAG 

(From latched to transparent; 

Not Internal Control Mode) 

50 

88 

49 

72 

Internal Control Mode: 

LE DIAG 

(From latched to transparent) 

75 

106 

74 

96 

Internal Control Mode: 

DATAo.15 

(Via Diagnostic Latch) 

75 

106 

74 

96 


•Data In (or LE In) to Correct Data Out measurement requires timing as shown in Figure D opposite. 
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B. Set-up and Hold Times Relative to Latch Enables 


From Input 

To 

(Latching 
Up Data) 

Set-up Time 

Hold Time 

DATAo-is 

LE IN 

7 

7 

OBo-e 

LE IN 

5 

7 

datAq-is 

LE OUT 

50 

5 

CBo-e 
(CODE ID 

000 , oil) 

LE OUT 

38 

0 

CBo-e 

(CODE ID 010, 
100,101,110, 111) 

LE OUT 

30 

0 

GENERATE 

LE OUT 

46 

0 

CORRECT 

LE OUT 

28 

1 

DIAG MODE 

LE OUT 

84 

0 

PASS THRU 

LE OUT 

30 

i 

0 

CODE ID 2.0 

LE OUT 

89 

0 

LE IN 

LE OUT 

59 

5 

DATAo.15 

LE DIAG 

7 

I_ 

9 

L,_ 


C. Output Enable/Disable Times 

Output disable tests performed with Cl = 5pF and 
measured to 0.5V change of output voltage level. 


Input 

Output 

Enable 

Disable 

OE BYTE 0, 
OE BYTE 1 

DATAo.-|5 

35 

35 

OESC 

sco-e 

35 

35 


D. Minimum Pulse Widths 


LE IN, LE OUT, LE DIAG 


15 


DATAo.15 


LE IN 


OE BYTE 0 & 1 


DATA IN TO 
CORRECT DATA OUT 




CORRECT 

DATA 

OUTPUT 




DATA TO LE IN 
HOLD TIME 


Figure D. 
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Am2960-1 Guaranteed Commercial 
Range Performance 

The tables below specify the guaranteed performance of the 
Am2960-1 over the commercial operating range of 0 to +70°C, 
with Vqc from 4.75 to 5.25V. All data are in ns, with inputs 


switching between 0 and 3V at 1V/ns and measurements made 
at 1.5V. All outputs have maximum DC load. 

This data applies to the following part numbers: Am2960-1DC, 
XC. 


A. Combinational Propagation Delays 


Cl = 50pF 


^“^^To Output 





From Input 

SC0.6 

DATAo.15 

ERROR 

MULT ERROR 

DATAq-is 

28 

s. 

25 

50 

CBo.0 

(CODE 102-0 000, 011) 

23 

50 

23 

47 

CBo-e 

(CODE 102-0 010, 100, 

101, 110, 111) 

28 

34 

29 

34 

(100,101,110, 111) 

GENERATE 

35 

63 

36 

55 

CORRECT 

(Not Internal Control Mode) 

- 

45 


- 

diag mode 

(Not Internal Control Mode) 

50 

■ 

78 

59 

75 

PASS THRU 

(Not Internal Control Mode) 

36 

44 

29 

46 

CODE ID 2.0 

61 

90 

60 

80 

LEIN 

(From latched to transparent) 

39 

72* 

39 

59 

LE OUT 

(From latched to transparent) 

- 

31 

- 

- 

LE DIAG 

(From latched to transparent; 

Not Internal Control Mode) 

45 1 

78 

45 

65 

Internal Control Mode; 

LEDIAG 

(From latched to transparent) 

67 

96 

66 

86 

Internal Code Mode: 

DATAo.15 

(Via Diagnostic Latch) 

67 

96 

66 

86 


*Data In (or LE In) to Correct Data Out measurement requires timing as shown in Figure D opposite. 
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B. Set-up and Hold Times Relative to Latch Enables 


From Input 

To 

(Latching 
Up Data) 

Set-up Time 

Hold Time 

DATAo.15 

LEIN 

6 

7 

CBo-e 

LEIN 

5 

6 

DATAq-is 

LE OUT 

34 

5 

CBo.6 

(CODE ID 

000, Oil) 

LE OUT 

35 

0 

CBo-e 

(CODE ID 010, 
100, 101, 110, 111) 

LE OUT 

27 

0 

GENERATE 

LEOUT 

42 

0 

CORRECT 

LEOUT 

26 

1 

DIAG MODE 

LEOUT 

69 

0 

PASS THRU 

LEOUT 

26 

0 

CODE ID 2-0 

LE OUT 

81 

0 

LEIN 

LE OUT 

51 

5 

DATAq-is 

LEDIAG 

6 

8 


C. Output Enable/Disable Times 

Output disable tests performed with Cl = 5pF and 
measured to 0.5V change of output voltage level. 


Input 

Output 

Enable 

Disable 

OE BYTE 0, 
OE BYTE 1 

DATAo.15 

30 

30 

OESC 

sco-e 

30 

_1 

30 


D. Minimum Pulse Widths 


LE IN, LE OUT. LE DIAG 


15 


VALID CORRECT 



Figure D. 
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Am2960A Guaranteed Commerciai 
Range Performance 

The tables below specify the guaranteed performance of the 
Am2960A over the commercial operating range of 0 to +70°C, 
with Vqq from 4.75 to 5.25V. All data are in ns, with inputs 


switching between 0 and 3V at 1V/ns and measurements rhade 
at 1.5V. All outputs have maximum DC load. 

This data applies to the following part numbers: Am2960ADC, 
XC. 


A. Combinational Propagation Delays 
Cl = 50pF 


Output 

From Input 

SC 0.6 

DATAo.15 

ERROR 

MULT ERROR 

DATAq.i5 





CBo-e 

(CODE ID 2-0 000, 011) 





CBo-6 

(CODE ID^-o 010, 100, 
101 ,110,111) 





GENERATE 





CORRECT 

(Not Internal Control Mode) 





DIAG MODE 

(Not Internal Control Mode) 





PASS THRU 

(Not Internal Control Mode) 





CODE ID 2.0 





LE IN 

(From latched to transparent) 





LEOUT 

(From latched to transparent) 


i 



LE DIAG 

(From latched to transparent; 

Not Internal Control Mode) 





Internal Control Mode: 

LEDIAG 

(From latched to transparent) 





Internal Control Mode: 

DATAo.15 

(Via Diagnostic Latch) 






•Data In (or LE In) to Correct Data Out measurement requires timing as shown in Figure D opposite. 


4-30 







Am2960/60-1/60A 


B. Set-up and Hold Times Relative to Latch Enables 


From Input 

To 

(Latching 
Up Data) 

DATAo,i5 

LE IN 

CBo-e 

LE IN 

DATAo.15 

LE OUT 

CBo.6 
(CODE ID 
000,011) 

LE OUT 

CBo-e 

(CODE ID 010, 
100; 101,110, 111) 

LE OUT 

GENERATE 

LE OUT 

CORRECT 

LE OUT 

DIAG MODE 

LE OUT 

PASS THRU 

LE OUT 

CODE ID2-0 

LE OUT 

LE IN 

LE OUT 

DATAo.15 

LE DIAG 


C. Output Enable/Disable Times 

Output disable tests performed with Ci_ = 5pF and 
measured to 0.5V change of output voltage level. 


OE BYTE 0, 
OE BYTE 1 


Output 


DATAo.^5 

sco-e 


0. Minimum Pulse Widths 

LE IN, LE OUT, LE DIAG 




OE BYTE 0 & 1 


DATA IN TO 

■ CORRECT DATA OUT ’ 


nV4W4^ 


DATA TO LE IN 
"SET-UPTIME 


DATA TO LE IN 
" HOLD TIME 


CORRECT 

DATA 

OUTPUT 


Figure D. 
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Am2960A Guaranteed Military Range Performance 

The tables below Specify the guaranteed performance of. the 
Am2960A over the military operating range of -55 to +125°C 
case temperature, with Vccfrom 4.5 to 5.5V. All data are in ns, 


with inputs switching between 0 and 3V at 1V/ns and measure¬ 
ments made at 1.5V. All outputs have the maximum DC load. 

This data applies to the following part numbers: Am2960ADM, 
FM,XM. 


A. Combinational Propagation Delays 
Cl = 50pF 


Output 

From input ^ 

SC 0.6 

DATAo.15 

ERROR 

MULT ERROR 

DATAq-is 





CBo-e 

(CODE ID2-0 000,011) 





CBo-6 

(CODE ID2.0 010, 100, 

101, 110, 111) 





GENERATE 





CORRECT 

(Not Internal Control Mode) 





DIAGMODE 

(Not Internal Control Mode) 





PASS THRU 

(Not Internal Control Mode) 





CODE ID2-0 





LEIN 

(From latched to transparent) | 





LE OUT 

(From latched to transparent) 





LE DIAG 

(From latched to transparent: 

Not Internal Control Mode) 





Internal Control Mode: 

LEDIAG 

(From latched to transparent) 


' 



Internal Control Mode: 

DATAq..,5 

(Via Diagnostic Latch) 






*Data In (or LE In) to Correct Data Out measurement requires timing as shown in Figure D opposite. 
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B. Set-up and Hold Times Relative to Latch Enables 


From Input 

To 

(Latching 
Up Data) 

Setrup Time 

Hold Time 

DATA()..|5 

LE IN 



CBo-6 

LE IN 



DATAq-is 

LE OUT 



CBo-6 
(CODE ID 

000, 011) 

LE OUT 



CBo-6 

(CODE ID 010, 
100, 101, 110, 111) 

LE OUT 



GENERATE 

LE OUT 



CORRECT 

LE OUT 

. 


DIAG MODE 

LE OUT 



PASS THRU 

LE OUT 



CODE ID 2.0 

LE OUT 



LE IN 

LE OUT 



DATAq.^s 

LE DIAG 




C. Output Enable/Disable Times 

Output disable tests performed with Ci_ = 5pF and 
measured to 0.5V change of output voltage level. 


Input 

Output 

Enable 

OE BYTE 0, 
OE BYTE 1 

DATAq.is 


OE SC 

SCo-6 



D. Minimum Pulse Widths 

LE IN, LE OUT, LE DIAG 


DATAo.15 


LE IN 


OE BYTE 0 & 1 



DATA IN TO 
CORRECT DATA OUT ' 








CORRECT 

DATA 

OUTPUT 


DATA TO LE IN 
SET-UP TIME 



DATA TO LE IN 
HOLD TIME 


Figure 0. 
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METALLIZATION AND PAD LAYOUT 


CONNECTION DIAGRAM 
Top View 



CORRECT 
DATA 15 
DATA 14 
DATA 13 
DATA 12 
LE IN 
LE DIAG 
61 BYTE 1 
DATA 11 
DATA 10 
DATA 9 
DATA 8 
GROUND 
DATA 7 
DATA 6 
DATA 5 
DATA 4 

6e byte 0 

LE OUT 
DATA 3 
DATA 2 
DATA 1 
DATAO 
SC 1 



PASS THRU 
DIAG MODE 1 
DIAG MODE 0 
CODE ID 2 
CODE ID 1 
CODE ID 0 
GENERAtE 
CB6 
CBO 
CBS 
CB 4 
CB 3 
VCC 
CB2 
CB 1 

MULT ERROR 
ERROR 

6esc 

SCO 
SC 5 
SC 3 
SC 2 
SC 4 
SC 6 


DIE SIZE; 0.200” X 0.183” 


Note: Pin 1 is marked for orientation. 


ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Am2960 
Order Number 
(Note 3) 

Package Type 
Order Number 

Operating Range 
(Note 1) 

Screening Level 
(Note 2) 

AM2960DC 

D-48 

C 

C-1 

AM2960DC-B 

D-48 

C 

B-2 (Note 4) 

AM2960DM 

D-48 

M 

C-3 

AM2960DM-B 

D-48 

M 

B-3 

AM2960FM 

F-48 

M 

C-3 

AM2960FM-B 

F-48 

M 

B-3 

AM2960XC 

Dice 

M 1 

Visual inspection 
’ to MIL-STD-883 

AM2960XM 

Dice 

M I 

Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix 
B for detailed outline. Where Appendix B contains several dash numbers, any of the variations of the 
package may be used unless otherwise specified. 

2. C = 0 to +70°C, Vcc = 4.75V to 5.25V, M = -55 to +125°C, Vcc = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 
conforms to MIL-STD-883, Class B. 

4. 96 hour burn-in. 
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TEST OUTPUT LOAD CONFIGURATION FOR Am2960 



Figure 11. Three-State Outputs 


Figure 12. Normal Outputs 


Notes: 1. Cl = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 

2. Si , S 2 , S 3 are closed during function test and all A.C. tests, except output enable tests. 

3. S.| and S 3 are closed while 83 is open for tp^n test. 

S.| and 82 are closed while 83 is open for tp 2 L test. 

4. R 2 = 1K for three-state output. 

R 2 is determined by the Iqh et Vqh = 2.4V for non-three-state outputs. 

5. R., is determined by Iql (MIL) with Vqq = 5.0V minus the current to ground through R 2 . 

6 . Cl = 5.0 pF for output disable tests. 


TEST OUTPUT LOADS 


Pin # 

Pin Label 

Test 

Circuit 

Ri 

R2 

- 

D 0 -D 15 

Fig. 11 

430a 

ika 

24-30 

8 C 0 - 8 C 6 

Fig. 11 

430fi 

ika 

32 

ERROR 

Fig. 12 

470a 

3ka 

33 

MULTERROR 

Fig. 12 

470a 

3ka 


For additional information on testing, see Section 
“Guidelines on Testing Am2900 Family Devices.” 
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APPLICATIONS 


Byte Write 

Byte operations are increasingly common for 16 and 32-bit pro¬ 
cessors. These complicate memory operations because check 
bits are generated for a complete 16 or 32 or 64-bit memory word, 
not for a single byte. 

To write a byte into memory with EDC requires the following 
steps; 

• Latch the byte into the Am2961/62 bus buffers (Figure 13) 

• Read the complete data word from memory (Figure 13) 

• Correct the complete data word if necessary (Figure 13) 

• Insert the byte to be written into the data word (Figure 14) 

• Generate new check bits for the entire data word (Figure 14) 

• Store the data word back into memory (Figure 14) 

(In fact these steps must be taken for any piece of data being 
written into memory that is not as wide as a full memory word). 

The Am2960 EDC is designed with the intent of keeping byte 
operations simple in EDC systems. The EDC has separate output 
enables for each byte in the Data Output Latch. As shown in 
figures 13 and 14, this allows the data word to be read from 
memory, the new byte to be inserted among the old, and new 
check bits to be generated using less time and less hardware 
than If separate byte enables were not available. 



Figure 13. Byte Write, Phase 1: Read Out the Oid Word 
and Correct 



Figure 14. Byte Write, Phase 2: insert the New Byte, 
Generate Checks and Write Into Memory 


Diagnostics 

EDC is used to boost the reliability of the overall system. It is 
necessary to also be able to chebk the operation of the EDC itself. 
For this reason the EDC has an internal control mode, a diagnos¬ 
tic latch, and two diagnostic modes. 

To check that the EDC is functioning properly, the processor can 
put the EDC under software control by setting CODE ID 2.0 to 001. 
This puts the EDC into Internal Control Mode. In Internal Control 
Mode the EDC is controlled by the contents of the Diagnostic 
Latch which is loaded from the DATA inputs under processor 
control. 

The EDC is set into CORRECT Mode. The processor loads in a 
known set of check bits into the Diagnostic Latch, a known set of 
data bits into the Data In Latch, and forces data errors. The output 
of the EDC (syndromes, error flags, corrected data) is then com¬ 
pared against the expected responses. By exercising the EDC 
with a string of data/check combinations and comparing the out¬ 
put against the expected responses, the EDC can be fully 
checked out. 

Eight Bit Data Word 

Eight bit MOS microprocessors can use EDC too. Only five 
check bits are required. The EDC configuration for eight bits is 
shown In Figure 15. It operates as does the normal 16-bit con¬ 
figuration with the upper byte fixed at 0. 

Check bit overhead for 8-bit data words can be reduced two ways. 
See the sections “Single Error Correction Only” and “Reducing 
Check Bit Overhead.” 


DATA CHECKS 



Other Word Widths 

EDC on data words other than 8, 16, 32, of 64 bits can be 
accomplished with the Am2960. In most cases the extra data bits 
can be forced to a constant, and EDC will procede as normal. For 
example a 24-bit data word is shown in Figure 16. 

Single Error Correction Only 

The EDC normally corrects all single bit errors and detects all 
double bit and some triple bit errors. To save one check bit per 
word the ability to detect double bit errors can be sacrificed - 
single errors are still detected and corrected. 


Data Bits 

Check Bits Required 

Single Error 
Correction Only 

Single Error Correct 
& Double Error Detect 

8 

4 

5 

16 

5 

6 

32 

6 

7 

64 

7 

8 
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DATA3-).-|6 DATA'Js.q checks OE SC 



ERROR SYNDROMES/CHECK BITS 


*The Code ID Combination for this Slice Forces the Check Bit Latch 
Transparent. 

Figure 19. 32-Bit Single Correct Only 


Figures 17, 18, 19, 20 show single error correction only config¬ 
urations for 8,16, 32, and 64-bit data words respectively. 

Check Bit Correction 

The EDC detects single bit errors whether the error is a data bit or 
a check bit. Data bit errors are automatically corrected by the 
EDC. To generate corrected check bits once a single check bit 
error is detected, the EDC need only be switched to GENERATE 
mode (data in the DATA INPUT LATCH is valid). 

The syndromes generated by the EDC may be decoded to de¬ 
termine whether the single bit error is a check bit. 

In many memory systems, a check bit error will be ignored on the 
memory read and corrected during a periodic “scrubbing” of 
memory (see section in System Design Considerations). 

Multiple Errors 

The bit-in-error decode logic uses syndrome bits SO through S32 
to correct errors, SX is only used in developing the multiple error 
signal. This means that some multiple errors will cause a data bit 
to be inverted. 

For example, in the 16-bit mode if data bits 8 and 13 are in error 
the syndrome 111100 (SX, SO, SI, S2, S4, S8) is produced. This 
is flagged a double error by the error detection logic, but the 
bit-in-error decoder only receives syndrome 11100 (SO, SI, S2, 
S4, S8) which it decodes as a single error in data bit 0 and inverts 
that bit. If It is desired to inhibit this inversion, the multiple error 
output may be connected to the correct input as in Figure 21. 
This will inhibit correction when a multiple error occurs. Extra 
time delay may be introduced in the data to correct data path 
when this is done. 
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SYNOROMES/CHECK BITS ERROR 


Notes: 1. In Pass Thru Mode the Contents of the Check Latch Appear on the XOR Outputs Inverted. 

2 . In Diagnostic Generate Mode the Contents of the Diagnostic Latch appear on the XOR Outputs Inverted. 


Figure 20. 64-Bit Single Correct Only 


DATA CHECKS 


CORRECT 



Figure 21. Inhibition of Data Modification 
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SYSTEM DESIGN CONSIDERATIONS 


High Performance Parallel Operation 

For maximum memory system performance the EDC should be 
used in the Check-Only configuration shown in Figure 22. With 
this configuration the memory system operates as fast with 
EDC as it would without. 

On reads from memory, data is read out from the RAMs directjy to 
the data bus (same as in a non-EDC system). At the same time, 
the data is read into the EDC to check for errors. If an error exists 
the EDC’s error flags are used to interrupt the CPU and/or to 
stretch the memory cycle. If no error is detected, no slowdown is 
required. 

If an error is detected, the EDC generates corrected data for the 
processor. At the designer’s option the correct data may be 
written back into memory; error logging and diagnostic routines 
may also be run under processor control. 

The Check-Only configuration allows data reads to proceed as 
fast with EDC as without. Only if an error is detected is there any 
slowdown. But even if the memory system had an error every 
hour this would rhean only one error every 3-4 billion memory 
cycles. So even with a very high error rate, EDC in a Check-Only 
configuration has essentially zero impact on memory system 
speed. 

On writes to memory, check bits must be generated before the full 
memory word can be written into memory. But using the 
Am2961/62 Data Bus Buffers allows the data word to be buffered 
on the memory board while check bits are generated. This makes 
the check bit generate time transparent to the processor. 

EDC in the Data Path 

The simplest configuration for EDC is to have the EDC directly In 
the data path as shown in Figure 23 (Correct-Always Configura¬ 
tion). In this configuration data read from memory Is always 
corrected prior to putting the data on the data bus. The advan¬ 
tages are simpler operation and no need for mid-cycle interrupts. 
The disadvantage is that memory system speed is slowed by the 
amount of time It takes for error correction on ever cycle. 


Usually the Correct-Always Configuration will be used with MOS 
microprocessors which have ample memory timing budgets. 
Most high performance processors will use the high perfor¬ 
mance parallel configuration shown in Figure 22. (Check-Only 
Configuration). 

Scrubbing Avoids Double Errors 

Single-bit errors are by far the most common in a memory system 
and are always correctable by the EDC. 

Double bit memory errors are far less frequent than single bit (50 
to 1, or 100 to 1) and are always detected by the EDC but not 
corrected. 

In a memory system, soft errors occur only one at a time. A double 
bit error in a data word occurs when a single soft error is left 
uncorrected and is followed by another error in the data word 
hours, days, or weeks after the first. 

“Scrubbing” memory periodically avoids almost all double-bit 
errors. In the scrubbing operation, every data word in memory is 
periodically checked by the EDC for single-bit errors. If one is 
found, it is corrected and the data word written back into memory. 
Errors are not allowed to pile up, and most double-bit errors 
are avoided. 

The scrubbing operation is generally done as a background 
routine when the memory is not being used by the processor. If 
memory is scrubbed frequently, errors that are detected and 
corrected during processor accesses need not be immediately 
written back into memory. Instead the error will be corrected in 
memory during scrubbing. This reduces the time delay involved 
in a processor access of an incorrect memory word. 

Correction of Double-Bit Errors 

In some cases, double-bit memory errors can be corrected! This 
is possible when one of the two bit errors is a hard error. 

When a double bit error is detected the data word should be 
checked to determine if one of the errors is a hard error. If so the 


WRITE 

READ 


DATA 

BUS 


ADDRESS 

BUS 


CONTROL 



Figure 22. Check-Only Configuration 
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WRITE *-—»*«» 

READ 

Figure 23. Correct-Aiways Configuration 


hard error bit may be corrected by inverting it leaving only a 

single, correctable error. The time for this operation is negligible 

since it will occur infrequently. 

The procedure after detection of a double error is as follows: 

• Invert the data bits read from memory. 

• Write the inverted data back into the same memory word. 

• Re-read the memory location and XOR the newly read out 
value with the old. If there is no hard error then the XOR result 
will be all 1 ’s. If there is a hard error; it will have the same bit 
value regardless of what was written in. So it will show as a 0 
after the XOR operation 

• Invert the hard error bit (this will “correct” it) leaving only one 
error in the data. 

• The EDO can then correct the single bit error. 

• Rewrite the correct data word into memory. This does not 
change the hard error but does eliminate the soft error. So the 
next memory access will find only a single-bit, correctable error 

An example helps to illustrate the procedure: 


Example of Double Bit Error Correction 
When One is a Hard Error 

1) Data Read from 16 data bits 6 check bits 

Memory (D^) '11111111000000ir ^ 011010 ^ 

2) EDC detects a 
multiple error. 

Syndromes: 011000 


0000000011111100 


100101 


3) Syndrome decode 
indicates a double 
bit error. 

4) Invert the bits read 
from memory (D-|) 

5) Write back to 
the same memory 
location 

6) Read back the 
memory location 
(Dg) 

7) XOR and Dg 

8) So the last data bit 
Is the hard error. 

Use this to modify Di 

9) Pass the modified 
through the EDC. The 
EDC detects a single 
bit correctable error 
and outputs corrected 
data: 

10) Write the corrected 
data back to memory 
to fix the soft error. 


Error Logging and Preventative Maintenance „ 

The effectiveness of preventative maintenance can be Increased 
by logging information on errors detected by the EDC. This Is 
called error logging. 


0000000011111101 

1111111111111110 


1111111100000010 


100101 

mill 


011010 


1111111100000000 011010 
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The EDC provides syndromes when errors are detected. The 
syndromes indicate which bit is in error. In most memory systems, 
each individual RAM supplies only one bit of the memory word. 
So the syndrome and data word address specify which RAM was 
in error. 

Typically a permanent/hard RAM failure is preceded by a period 
of time where the RAM displays an increasing frequency of inter¬ 
mittent, soft errors. Error logging statistic can be used to detect an 
increasing intermittent error frequency so that the RAM can be 
replaced before a permanent failure occurs. 

Error logging also records the location of already hard failed 
RAMs. With EDC a hard failure will not halt system operation. 
EDC always can correct single bit errors even if it is a hard error. 
EDC can also correct double bit errors where one is hard and one 
soft (see “Correction of Double Bit Errors” Section). The ability to 
continue operation despite hard errors can greatly reduce the 
need for emergency field maintenance. The hard-failed RAMs 
can be instead replaced at low cost during a regularly scheduled 
preventative maintenance session. 

Reducing Check Bit Overhead 

Memory word widths need not be the same as the data word width 
of the processor. There is a substantial reduction in check bit 
overhead if wider memory words are used: 


Memory Word 

Check 

Bit Overhead 

# Data Bits 

# Check Bits 

8 

5 

38% 

16 

6 

27% 

32 

7" 

14% 

64 

8 

11% 



TO CPU 


This reduction in check bit overhead lowers cost and increases 
the amount of data that can be packed on to each board. 

The trade off is that when writing data pieces into memory that are 
narrower than the memory word width, more steps are required. 
These steps are exactly tho same as those described in Byte 
Write in the Applications section. No penalty exists for reads from 
memory. 

EDC Per Board vs EDC Per System v 

The choice of an EDC per system or per board depends on the 
economics and the architecture of the system. 

Certainly the cheaper approach is to have only one EDC per 
system and this is a viable solution if only one memory location is 
accessed at at time. 

This solution does require that the system has both data and 
check bit lines (see Figure 25). This makes retrofitting a system 
difficult and creates complications if static or ROM memory, 
which do not require check bits, are mixed in with dynamic RAM. 

If the system has an advanced architecture it is quite likely that it is 
necessary to simultaneously access memory locations on dif¬ 
ferent memory boards (see Figure 24). Architectural features that 
require this are interleaved memory, cache memory, and DMA 
that is done simultaneously with processor memory accesses. 
EDC per board is a simpler system from a design standpoint. 

The EDC is designed to work efficiently in either the per system or 
per board configurations. 



Figure 24. EDC Per Board 


Figure 25. EDC Per System 
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FUNCTIONAL EQUATIONS 

The following equations and tables describe in detail how the output values of the Am2960 EDC are determined as a function of the value 
of the inputs and the internal states. Be sure to carefully read the following definitions of symbols before examining the tables. 


Definitions 

Dj (DATAj if LE IN is HIGH or the output of bit i of the Data Input 
Latch if LE IN Is LOW) 

Cj <- (CBj if LE IN is HIGH or the output of bit I of the Check Bit 
Latch if LE IN is LOW) 

DLj ^ Output of bit I of the Diagnostic Latch 
Sj Internally generated syndromes (same as outputs of SCj 
if outputs enabled) 

PA ^ D0®D1®D2®D4eD6®D8®D10®D12 
PB ^ D0®D1 ®D2®D3®D4®D5®D6®D7 
PC ^ D8®D9®D10®D11® D12®D13®D14®D15 
PD D0®D3®D4®D7® D9®D10®D13® D15 
PE ^ D0®D1® D5®D6®D7®D11®D12®D13 
PF ^ D2®D3®D4®D5®D6®D7®D14®D15 
PGi <-D0®D4®D6®D7 
PG 2 ^ D 1 ® D2®D3®D5 
PG 3 ^ D8®D9®D11® D14 
PG 4 ^ D10®D12®D13®D15 


Error Signals 

ERROR ^ (S6 • (ID 1 + ID 2 )) • S5 • S4 * S3 « §2 * SI « SO + GENERATE + INITIALIZE + PASSTHRU 
MULT ERROR (16 and 32-Bit Modes) ^ ((S6 • ID 1 ) ® S5 © S4 ® S3 ® S2 ® SI ® SO) (ERROR) + TOME 

+ GENERATE + PASSTHRU + INITIALIZE 
MULT ERROR (64-Bit Modes) <- TOME + GENERATE + PASSTHRU + INITIALIZE 



*S 6 , S5,... SO are internal syndromes except in Modes 010, 100, 101, 110, 111 (CODE ID 2 , ID 1 , IDq). 
In these modes the syndromes are input over the Check-Bit lines. S 6 ^ C 6 , S5 C5,. . . SI ^ Cl, 
SO^CO. 

**The S 6 internal syndrome is always forced to 0 in CODE ID 000. 
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SC Outputs 

Tables XV, XVI, XVII, XVIII, XIX show how outputs SCo.6 are 
generated in each control mode for various CODE IDs (internal 
control mode not applicable). 


TABLE XV. 


CODE ID 2.0 

GENERATE 

Mode (Check Bits)\^ 

000 

010 

oil 

100 

101 

110 

111 

SCo- 

PG2 ® PG3 

PGi® PG3 

PG2©PG4©CBo 

PG2® PG3 

PG2 © PG3 

PGi©PG4 

PGi©PG4 

SCi ^ 

PA 

PA 

PA©CBi 

PA 

PA 

PA 

PA 

SC2 ^ 



PD®CB2 


PD 

PD 

PD 

SCs^ 

PE 

PE 

PE©CB3 


PE 

PE 

PE 

SC4 

PF 

PF 

PF0CB4 

PF 

PF 

PF 

PF 

SCg^ 

PC 

PC 

PCeCBg 

PC 

PC : 

PC 

PC 

SCe- 

I_ ^ _ 

PB 

PcecBg 

PB 

i_ 

PB 

PB 

PB 



TABLE XVI. 


CODE ID 2.0 

Detect 
and Correct 

Modes (Syndromes)\^ 

000 

010 

oir 

100 

101 

• 

110 

111 

SCo^ 

PG 2 ®PG 3 
©CO 

PG-| © PG 3 
©CO 

PG 2 ©PG 4 
© CBq 

PG 2 © PG 3 
©CO 

PG 2 © PG 3 

PGi®PG4 

PGi®PG4 

SCi ^ 

PA©C1 

PA ©Cl 

PA©CBi 

PA ©Cl 

PA 

PA 

PA 

SC 2 ^ 

TO©C2 

PD©C2 

PD©CB 2 i 

PD©C2 

PD 

PD 

PD 

SC 3 ^ 

^©C3 

PE©C3 

PE©CB 3 

PE©C3 

PE 

PE 

PE 

SC 4 ^ 

PF©C4 

PF©C4 

PF©CB 4 

PF©C4 

PF 

PF 

PF 

SC 5 <- 

PC©C5 

PC©C5 

PC©CB 5 

PC©C5 

PC 

PC i 

PC 

SCe ^ 

1 

PB©C 6 

PC©CB 6 

PB 

PB 

PB©C 6 

PB®C 6 


*ln CODE ID 2.0 011 the Check-Bit Latch is forced transparent, the Data Latch operates normally. 


TABLE XVII. 


CODE ID 2-0 

Diagnostic 

Read Mode 

000 

010 

Oil* 

100 

101 

110 

111 

SCo ^ 

PG2® PG3 
©DLq 

PG-|© PG3 
©DLq 

PG2 © PG4 
® CBq 

PGo© PG3 
©DLo 

PG2©PG3 

PGi©PG4 

PGi©PG4 

SCi ^ 

PA®DLi 

PA©DLi 

PA©CBi 

PA©DLi 

PA 

PA 

PA 

SC2 

^©DL2 

TO©DL2 

PD©CB2 

^©DL2 

PD 

PD 

PD 

SC3^ 

PE©DL3 

PE©DL3 

PE©CB3 

PE©DL3 

PE 

PE 

PE 

SC4«- 

PF©DL4 

PF©DL4 

PF©CB4 

PF©DL4 

PF 

PF 

PF 

SC5 ^ 

PC®DL5 

PC©DL5 

PC©CB5 

PC©DL5 

PC 

PC 

PC 

SCg^ 

1 

PB©DL6 

PC®CB6 

_^_1 

__i 

PB®DL6 

PB0DL7 


*ln CODE ID2-0 oil the Check-Bit Latch is forced transparent, the Data Latch operates normally. 
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TABLE XVIII. 


CODE ID2.0 

Diagnostic 

Write Mode 

000 

010 

oil* 

100 

--- 

101 

110 

111 

SCq 

DLo 

DLo 

CBo 

DLo 

1 

1 

1 

SCi ^ 

DLi 

DLi 

CBi 

DLi 

1 

1 

1 

SC2 ^ 

DL2 

DL2 

CB2 

DL2 

1 

1 

1 

SC3 ^ 

DL3 

DL3 

CB3 

DL3 

1 

1 

1 

SC4 ^ 

DL4 

DL4 

CB4 

DL4 

1 

1 

1 

SCg^ i 

DL5 

DL5 

CB5 

DL5 

1 

1 

1 

SCe - 

1 

DLe 

CBs 

_L_J 

1 

DLe 

DL7 


*ln CODE ID 2.0 011 the Check-Bit Latch is forced transparent; the Data Input Latch operates normally. 


TABLE XIX. 


CODEID 2.0 

PASS THRU 

Mode 

000 

010 

Oil* 

100 

101 

110 

111 

SCo- 

CO 

CO 

CBo 

-CO 

.. ^ „ 

1 

1 

SCi ^ 

Cl 

C1 

CBi 

Cl 

1 

1 

1 

SC 2 ^ 

C2 - 

C 2 

CB 2 

C2 

1 

1 

i' - 

SC 3 ^ 

C3 

C3 

CB 3 

C 3 

1 

1 

1 

SC 4 ^ 

C4 

C4 

CB 4 

C4 

1 

1 

1 

SCs^ 

C5 

C5 

CBs 

C5 

1 

1 

1 

SCe -- 

1 

C 6 

CBe 

1 

1 

C 6 j 

C 6 


*ln CODE ID 2.0 Oil the Check-Bit Latch is forced transparent; the Data Input Latch operates normally. 


Data Correction 

Tables XX to XXVI shows which data output bits are corrected 
(inverted) depending upon the syndromes and the CODE ID 
position. Note that the syndromes that determine data correc¬ 
tion are in some cases syndromes input externally via the CB 


TABLE XX. CODE ID 2.0 = 000* 



S5 

S4 

S3 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 

S2 SI 

0 0 

- 

- 

- 

5 

- 

11 

14 

- 

0 1 


1 

-1 

2 

6 

8 

12 

- 

- 

1 0 

- 

- 

3 

.7 

9 

13 

15 

__ 

1 1 

- 

0 

4 

—I_i 

10 

- 

- 

- 


^Unlisted S combinations are no correction. 


inputs and in some cases syndromes generated internally by 
that EDO (Sj are the internal syndromes and are the same as 
the value of the SCj output of that EDC if enabled). 

The tables show the number of data bit inverted (corrected) if any 
for the CODE ID and syndrome combination. 


TABLE XXI. CODE ID 2.0 = 010* 



CBe 

0 

0 

0 

0 

1 

1 

1 

1 


CBg 

1 

1 

1 

1 

0 

0 

0 

0 


CB4 

0 

0 

1 

1 

0 

0 

1 

1 


CB3 

0 

1 

0 

1 

0 

1 

0 

1 

CB2 CBi 








0 0 

- 

11 

14 

- 

- 

- 

- 

5 

0 1 

8 

12 

i 

- 

- 

1 

2 

6 

1 0 

9 

13 

1 

15 

- 

- 

- 

3 

7 

1 1 

10 

- 

- 

- 

- ! 

0 

4 

- 


*Unlisted CB combinations are no correction. 
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TABLE XXH. CODE IDg^o = 011* 



S6 

S5 

S4 

S3 

\ 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

1 

1 

1 

0 

0 

1 

1 

0 

1 

1 

1 

1 

0 

1 

1 

1 

1 

S2 SI 

0 0 

- 

- 

- 

5 

- 

11 

14 

- 

0 1 

- 

1 

2 

6 

8 

12 

- 

- 

1 0 

_ 

- 

3 

7 

9 

13 

15 

- 

1 1 

i 

0 

4 

- 

10 

- 

- 

- 


*Unlisted S combinations are no correction. 


TABLE XXIV. CODE ID 2.0 = 101* 



CBo 

0 

0 

0 

0 

1 

1 

1 

1 


CBe 

0 

0 

0 

0 

1 

1 

1 

1 


CB5 

0 

0 

0 

0 

1 

1 

1 

1 


CB4 

0 

0 

1 

1 

0 

0 

1 

1 


CBo 

0 

1 

0 

1 

0 

1 

0 

1 

CB2 CB-] 







0 0 

- 

- 

- 

5 

- 


Q 

- 

0 1 

- 

1 

a 

D 




- 

1 0 

- 

- 

3 

D 


Qj 

Q 

1 - 

1 , 1 


0 

4 

- 


- 

- 

- 


*Unlisted CB combinations are no correction. 


TABLE XXIII. CODE ID 2.0 = 100* 


CB2 CBi 

CBo 

CBe 

CB5 

CB4 

CB3 

0 

0 

1 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

0 

0 

0 

1 

1 

1 

1 

1 

0 

0 

0 

1 

1 

0 

0 

1 

1 

1 

0 

1 

0 

1 

1 

0 

1 

1 

0 0 

- 

11 

14 

- 

- 

- 

- 

5 

0 1 

8 

12 

- 

- 

- 

1 

2 

6 

1 0 

9 

13 

15 

- 

- 

- 

3 

7 

1 1 

10 

- 

- 

- 

.-. 

0 

4 

- 


*Unlisted CB combinations are no correction 


TABLE XXV. CODE ID 2.0 = 110* 




CBo 

0 

0 

0 

0 

1 

1 

1 

1 



CBe 

1 

1 

1 

1 

0 

0 

0 

0 



CBe 

0 

0 

0 

0 

1 

1 

1 

1 



CB4 

0 

0 

1 

1 

0 

0 

1 

1 



CB3 

0 

1 

0 

1 

0 

1 

0 

1 

CM 

ffl 

0 

CBi 








0 


- 

- 

- 

5 

- 

D 

0 

- 

0 1 

- 

1 

2 

6 

8 

12 

- 

- 

1 

0 


- 


a 

7 

9 

13 

15 

- 

1 1 

- 


4 

- 

10 

- 

- 

- 


* Unlisted CB combinations are no correction. 


TABLE XXVI. CODE ID 2.0 = 111* 



CBo 

0 

— 

0 

0 

0 

1 

1 

1 

1 


CBe 

1 

1 

1 

1 

0 

0 

0 

0 


CBe 

1 

1 

1 

1 

0 

0 

0 

0 


CB4 

0 

0 

1 

1 

0 

0 

1 

1 


CB3 

0 

1 

0 

1 

0 

1 

0 

1 

CB2 CB-j 










0 0 

- 

11 

14 

- 

- 

- 

- 

5 

0 1 

8 

12 

- 

- 

- 

1 

2 

6 

1 0 

9 

13 

15 

- 

- 


3 

7 

1 1 

10 , 

- 

- 

- 

- 

0 ‘ 

4 

- 


* Unlisted CB combinations are no correction. 
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Advanced Micro Devices 


ABSTRACT 

Memory error frequency will increase due to the use of larger memory systems and the 
use of 16K and 64K RAMs, which are more susceptible to soft errors because of their 
smaller memory cell geometry. 

At the same time, the need for reliability is increasing, both for the user and the system 
manufacturer. EDC (Error Detection and Correction) can reduce system downtime, can 
reduce field maintenance expenses and can provide manufacturers a marketing advantage 
due to increased reliability. 

The Am2960 implements EDC using a modified Hamming code, and so boosts memory 
reliability by a factor of 60 or better. It slashes package count and adds initialization, byte-write 
and diagnostic features. It is fast and flexible enough to handle word widths from 8 to 64 bits. 

The Am2960 is one of a series of Memory Support devices designed for use with dynamic 
MOS RAM memory systems. 


Prepared by: Advanced Micro Devices, Bipolar Microprocessor. 


NOVEMBER 1980 


Advanced Micro Devices cannot assume responsibility for use of any circuitry described other than circuitry entirely 
embodied in an Advanced Micro Devices’ product. 
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Am2960 BOOSTS 
MEMORY RELIABILITY 

The Am2960 is a 16-bit, expandable Error Detection and Correc¬ 
tion (EDC) unit. It is used in conjunction with system main 
memories to boost memory reliability. 

The Am2960 can correct all single-bit memory errors in a data 
word. It detects all double-bit errors and even some triple-bit 
errors. The gross error conditions of all Os or all Is are always 
detected. 

Memory error and detection using the Am2960 boosts system 
reliability by a factor of 60 or better. System crashes will occur far 
less frequently and maintenance costs can.be slashed. 

MEMORY ERRORS 

Memory Error Frequency 

Memory errors are becoming more frequent due to two general 
trends: 

1 . Total system memory size is growing, and, 

2. The geometry of individual memory cells in dynamic RAMs is 
shrinking, making them more susceptible to “soft” errors. 

There are two basic types of memory errors. Hard errors are 
permanent physical failures of either the whole RAM, a row, a 
column, or a single bit. Hard errors are caused by power shorts, 
open leads, and various other factors. Initial testing and burn-in 
will reduce but not eliminate hard error failures In RAMs during 
system operation. 

Soft errors are non-repeating, single-bit errors where there Is no 
permanent damage. A soft error occurs when the charge state of 
a bit incorrectly shifts from 0 to 1 or from 1 to 0. This can be caused 
by system noise, pattern sensitivity, power surges® or alpha 
particles. The new 16K and 64K dynamic RAMs, with their smaller 
memory cell geometries are especially susceptible to soft errors 
induced by alpha particles. (The smaller the memory cell 
geometry, the less energy is required to cause the cell to change 
state.) 

A paper given at Wescon, 1979'' presented these failure rates for 
dynamic RAMs of increasing size (see Table 1). This table reflects 
only soft errors due to alpha particles. 


Undetected Memory Failures are Expensive 

Memory failures will occur in a system. When they do they will 
result either in a system crash or in loss of data integrity, unless 
memory error detection schemes are used. Either situation is 
expensive and inconvenient for the system users. Either situation 
can result in maintenance calls to the system manufacturer. 

If the memory error occurs in an instruction word and the instruc¬ 
tion is executed without being corrected, then a system crash will 
almost certainly occur. For example, an "Add” instruction could 
be changed to a “Jump” Instruction with only a one-bit change - If 
the error is undetected, the jump would take place to essentially a 
random location. 

If the error occurs in a word that is used for storing data, then data 
integrity Is lost. In typical applications this could mean that bank 
account balances would be altered, blood diagnosis would be 
incorrect, or cooling water valves could be closed instead of 
opened. 

System failures of any kind will often result in unscheduled 
maintenance requests to the system manufacturers. Mainte¬ 
nance calls are expensive for the system manufacturer and are to 
be avoided by preventative means if at all possible. 


Strategies for Memory Errors 

For reliability and maintenance cost reduction, memory errors 
must be dealt with by the system designer. 

A common scheme is to use parity. But parity schemes cannot 
correct errors and can detect only single-bit errors. If a double-bit 
error occurs in a word, the parity is unchanged and so the error 
goes undetected. Parity cannot correct errors. 

Error detection and correction (EDC) is implemented by the 
Am2960 using a modified Hamming code. The Hamming code 
'scheme involves generating several check bits that contain 
enough redundant information to correct all single-bit errors and 
to detect all double-bit errors and some triple-bit errors. Also, the 
EDC modified Hamming code detects the gross error conditions 
of all Os and all 1 s. 

Table 2 demonstrates that EDC is the superior strategy for both 
the system user and the system manufacturer. 


TABLE 1. ERRORS ARE INCREASING. 


Density 

Bits/Chip 

Typical Error Rate 
{% per 1,000 Hours) 

Soft* 

Hard** 

IK 

.001 

.0001 

4K 

.02 

.002 

16K 

.10 

.011 

♦64K 

.5*** 

.016 


♦Reflects alpha particles only. Does not include errors due to noise, power, 
patterns. 

♦♦After infant mortality. 

♦♦♦Based on initial customer evaluation. 

Note; 0.1% per 1000 hours equals 1 failure in 10® hours. 
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TABLE 2. COMPARISON OF ERROR STRATEGIES. 


Error Type 

No Checking 

Parity 

EDC Using Am2960 

Single-Bit Error 

System crash. 

System halt. 

Correctable. System runs. 

Double-Bit Error 

System crash. 

System crash. 

System halt. 

Entire RAM Failure 

System crash. 

System halt. 

Correctable. System runs. 


With EDC, the incidence of maintenance calls is significantly 
reduced. Even the failure of an entire RAM chip will not neces¬ 
sarily result in a system failure. Double-bit erroVs are not cor¬ 
rected but are detected so that the system may be halted and the 
user informed of a memory error and the exact location of it. A 
controlled system halt is far more desirable than an uncontrolled 
system crash. 

EDC Improves MTTF 

Error detection and correction as implemented on the Am2960 
significantly improves the MTTF (mean time to failure) of memory 
Systems. 

A paper presented at Wescon, 1979^ used the dynamic RAM 
error rates shown previously to calculate the following MTTFs for 
a 16 Megabyte system using 64K RAMs (see Table 3). 


TABLE 3. 


Error Type 

MTTF* 

Correctable Soft Error (Single-Bit) 
Correctable Hard Error (Single-Bit) 
Non-Correctable Soft Error (Double-Bit) 
Non-Correctable Hard Error (Double-Bit) 

13 days 

110 days 
864 days 
7,021 days 


*Based on 64K RAM alpha error rate 
of 0.13% per 1000 hours. 


The MTTF improves by a factor of at least 60 with EDC. This 
improvement factor has been noted by others^. 

Another paper calculated that with EDC, RAM errors would 
become a small factor in memory based failures relative to 
failures of other board components such as MSI, capacitors 
and resistors. The same paper^ discusses how frequently 
preventative maintenance should be done so that a hard- 
failed RAM is replaced prior to a second RAM experiencing a 
hard-failure. The Am2960 has features that allow easy logging 
of data errors ~ this aids the maintenance engineer in quickly 
pinpointing hard-failed RAMs and RAMs displaying excessive 
soft error rates. 

Memory Reliability is a Competitive Edge 

EDC boosts memory reliability and gives you two competitive 
advantages: 

1. Your system is more reliable. 

2. Your field maintenance costs are reduced. 

The demand for reliable system performance is increasing stead¬ 
ily. Reliability is a must for applications in aerospace, medical, 
banking, process control and on-line systems. Applications such 
as word-processors, small business systems and telecommuni¬ 
cations also need memory reliability, as their users do not have 
the technical staff to handle system failures and are willing to pay 
for the convenience of smooth, error-free operation. 


4-48 





Am2960 Technical Report 



MPR-729 



Figure 1. Block Diagram. 


Am2960 ERROR DETECTION 
AND CORRECTION 

Figure 1 shows the block diagram of the Am2960 EDC unit. The 
following is intended only to summarize Am2960 operation. A 
complete data sheet on the Am2960 EDC unit is available. 

Write to Memory 

On a write to memory, the Am2960 generates check bits accord¬ 
ing to a modified Hamming code. The check bits generated are 
stored in memory along with the data bits. 

The Am2960 is a 16-bit slice and can handle all common word 
widths. The number of check bits required depends on the word 
width (see Table 4). 


TABLE 4. 


Number of 
Data Bits 

Number of 

Check Bits Required 

Number of 
Am2960 Required 

8 

5 

1 

16 

6 

1 

32 

7 

2 

48 

8 

3 

64 

8 

4 


Read from Memory 

On a read from memory, the EDC reads in both the data and the 
check bits. The EDC uses the data bits to generate a second set 
of check bits. If the new check bits match the old, there is no error. 
If the check bits do not match, an exclusive-or of the two sets of 
check bits produce “syndrome bits,” which are decoded to de¬ 
termine the type of error. Fo r single-bit erro rs, ERROR is as¬ 
serted. For multiple-bit errors, MULT ERROR is asserted. Errors 
are detected for data bits and check bits. 


Two Operating Modes 

The Am2960 can be used in two ways to protect systems from 
memory errors. 

High-performance systems (Figure 2) may use the Am2960 in a 
check-only mode without slowing system operation. The Am2960 
will monitor the data path and will generate a CPU interrupt if an 
error is detected. This error Interrupt typically occurs just 25ns 
after data appears on the bus. The CPU then takes the corrective 
action chosen by the designer; automatic correction, write-back 
to memory, error logging, or diagnostics. 

A simpler mode is to have the Am2960 in the data path (Figure 3), 
always correcting data on every read from memory. This 
simplifies CPU design and adds typically 40ns which Is well within 
the memory cycle timing budget of most MOS microprocessor 
systems. 
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Figure 2. Check-Only Configuration. 




Figure 3. Correct-Aiways Configuration. 
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Byte Operations 

The Am2960 has byte-wide enables on the output latch. This 
greatly simplifies byte-write operations. The steps for a byte-write 
are: 1) read the full word from memory Into the EDC input latch, 

2 ) correct the full data word and latch into the EDC output latch, 

3) enable the outputs of byte 0 (or byte 1) of the EDC output latch 
and enable the data line inputs for byte 1 (or byte 0) to read in the 
new byte, 4) latch the new word into the EDC input latch, then 
5) generate new check bits and write both check and data bits 
into memory. 

Without the byte-wide enables on output, the byte-write operation 
would require extra steps, extra time and extra hardware. 

Initialization 

After power-up, system memory will contain random bit patterns 
with check bits that do not match the data bits. So system memory 
must be initialized. The Am2960 has a built-in initialization feature 
that forces the Data Output latch to all zeros and generates the 
correct corresponding check bits for writing into all system mem¬ 
ory at power-up. 


Diagnostics are Key 

Since memory errors occur only every million or billion of cycles, a 
diagnostic feature has been built into the Am2960 that allows the 
device to be checked out under software control. In diagnostic 
mode the user may load predetermined check bits into the diag¬ 
nostic latch. These check bits are then used to do a diagnostic 
write or a diagnostic read. The write allows diagnostic check bits 
to be written into memory. The read substitutes diagnostic check 
bits for those normally read from memory. Either operation can 
then be followed by bit test instructions to evaluate the EDO’s 
response to the fictitious check bits. 

A Family of Memory Support Devices 

The Am2960 EDC is one of a family of memory support devices 
that includes: 

Am2961/62 - EDC Bus Buffers 
Am2964 - Dynamic Memory Controller 

Am2965/66 - Memory Bus Drivers 

Figure 4 shows a typical high-performance memory configuration 
using Am2960 Series Memory Support Devices. 


64K/2S6K X 22-BIT MEMORY 
DATA MEMORY 


UPPER BYTE LOWER BYTE BITS 



BLI-135 

Figure 4. Dynamic Memory Control with Error Detection and Correction. 
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These devices are 
also characterized 
as: 

AtnZ8161 

AmZ8162 


Am2961 • Am2962 

4•‘Bit Error Correction Multiple Bus Buffers 


DISTINCTIVE CHARACTERISTICS 

• Quad high-speed LSI bus-transceiver 

• Provides complete data path Interface between the Am2960 
Error Detection and Correction Unit, the system data bus 
and dynamic RAM memory 

• Three-state 24mA output to data bus 

• Three-state data output to memory 

• Inverting data bus for Am2961 and noninverting for Am2962 

• Data bus latches allow operation with multiplexed buses 

• Space saving 24-pln 0.3” package 


LOGIC SYMBOL 



B-Bus is noninverting for Am2962. 


CONNECTION DIAGRAM 
Top View 


s 

OEY 
DOo 
(Bq) 0^0 
Yo 
DTo 

oil 

Y1 

DOi 

LEY 

GND 


24 pin slim (0.3”) 


[Z ’ 

z ^ 

Z 3 

z ^ 

Z 5 

z« 

Z ’ 
Z 8 
Z 8 
Z 10 


Am2961 
(Am2962) . 


I Vcc 

Z OED 
Z Dbg 

Z 03 (Ba) 

ZV3 

Z^3 

I Dl2 
ZY 2 
I 02 (Ba) 
I D 02 

z ^ 

I LEB 


Note: Pin 1 is marked for orientation. BLi -122 


FUNCTIONAL DESCRIPTION 

The Am2961 and Am2962 are high-performance, low-power 
Schottky multiple bus buffers that provide the complete data path 
interface between the Am2960 Error Detection and Correction 
Unit, dynamic RAM memory and the system data bus. The 
Am2961 provides an inverting data path between the data bus 
(Bj) and the Am2960 error correction data input (Yj) and the 
Am‘2962 provides a noninverting configuration (Bj to Yj). Both 
devices provide Inverting data paths between the Am2960 and 
memory data bus thereby optimizing internal data path speeds. 

The Am2961 and Am2962 are 4-bit devices. Four devices are 
used to Interface each 16-bit Am2960 Error Detection and Cor¬ 
rection Unit with dynamic memory. The system can easily be 
expanded to 32 or more bits for wider memory applications. The 
4-bit configuration allows enabling the appropriate devices 
two-at-a-time for intermixed word or byte, read and write in 16-bit 
systems with error correction. 

Data latches between the error correction data bus and the sys¬ 
tem data bus facilitate byte writing in memory systems wider than 
8 -bits. They also provide a data holding capability during single- 
step system operation. 


LOGIC DIAGRAM 


MEMORY 

DATA 

INPUT 

D|N 


SELECT 

S 


OUTPUT 

ENABLE 

TOY 

OEY 


MEMORY 

DATA 

OUTPUT 

Bout 



SYSTEM 

DATA_BUS* 

0 BLI-121 


*Am2962 is the same function but noninverting to the system 
data bus, B. 
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ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM’L TA = 0to+70“C Vcc = 5.0V ±5% (MIN = 4.75V MAX = 5.25V) 

MIL Ta =-55 to-f-125°C Vcc = 5.0V ±10% (MIN = 4.50V MAX = 5.50V) 

PC CHARACTERISTICS OVER OPERATING RANGE - Y BUS 

Typ. 


Parameters 

Description 

Test Conditions (Note 1) 


Min 

(Note 2) 

Max 

Units 

Vqh 

Output HIGH Voltage 

Vcc = min 

V|N = V|HOrV|L 

•oh “ —3.0mA 

2.4 

3.4 


Volts 

VoL 

Output LOW Voltage 

Vcc = min 

V|N = V|HOrV|L 

Iql = 8mA 


0.3 

0.45 

Volts 

•OL == 16mA 


0.35 

0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM’L 



0.8 

Vl 

Input Clamp Voltage 

Vcc — MIN, l||y| = —18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max, V|n = 0.4V 

OEY = LOW 



-2.0 

mA 

l|H 

Input HIGH Current 

Vcc = max, V|n = 2.7V 

OEY = LOW 



100, 

/U.A 

l| 

Input HIGH Current 

Vcc = max, V|n = 5.5V 

OEY = LOW 



1.0 

mA 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

-30 


-130 

mA 


DC CHARACTERISTICS OVER OPERATING RANGE - B BUS 


Typ. 


Parameters 

Description 

Test Conditions (Note i) 


Min 

(Note 2) 

Max 

Units 

Vqh 

Output HIGH Voltage 

Vcc = min 

V|N = V|H or V|L 

•oh = -3.0mA 

2.4 



Volts 

Iqh = -15mA 

2.0 



VoL 

Output LOW Voltage 

Vcc = MIN 

V|N = V|H or V|L 

< 

E 

<M 

II 

_l 

_o 


0.3 

0.45 

Volts 

Iql = 24mA 


0.35 

0.50 

ViH 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM’L 



0.8 

V| 

Input Clamp Voltage 

Vcc ~ MIN, l|fg = —18mA 



-1.5 

Volts 

•iL 

Input LOW Current 

Vcc = max, V|n = 0.4V 

OEB = HIGH 



-1.0 

mA 

•iH 

Input HIGH Current 

Vcc = max, V|n = 2.7V 

OEB - HIGH 



100 

ju.A 

•l 

Input HIGH Current 

Vcc = max, V|n = 5.5V 

OEB = HIGH 



1.0 

mA 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = MAX 

-50 


-150 

' mA 


Notes: 1. For conditions as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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DC CHARACTERISTICS OVER OPERATING RANGE - DO OUTPUTS 

Typ. 


Parameters 

Description 

Test Conditions (Note 1) 

Min 

(Note 2) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min 

MIL Iqh = -50/xA 

2.5 



Volts 

ViN = V|H or V|L 

COM’L Iqh = -100/xA 

2.7 



Volts 

VoL 

Output LOW Voltage 

. 

Vcc = min 

V|N = V|H or V|L 

Iql = 1mA 



0.4 

Volts 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

-50 


-150 

mA 

•o 

Off-State Out Current 

Vcc = max 

Vq = 0.4V 



-100 


Vq = 2.4V 

_I 


-HlOO 


DC CHARACTERISTICS OVER OPERATING RANGE - Dl INPUTS AND CONTROLS 

Typ. 


Parameters 

Description 

Test Conditions (Note i) 


Min 

(Note 2) 

Max 

Units 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

VlL 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM’L 



0.8 

Vc 

Input Clamp Voltage 

Vcc = min, I|n = -18mA 



-1.5 

Volts 

•iL 

Input LOW Current 

Vcc = max, V|n = 0.4V 

Dl Inputs 



-1.0 

mA 

Controls 



-1.6 

mA 

•iH 

Input HIGH Current 

Vcc = max, V|n = 2.7V 



50 

fxA 

•l 

Input HIGH Current 

Vcc = max, ViN = 5.5V 



1.0 

mA 



DC CHARACTERISTICS OVER OPERATING RANGE - POWER SUPPLY 

Typ. 


Parameters 

Description 

Test Conditions (Note 1) 

Min 

(Note 2) 

Max 

Units 

•cc 

Power Supply Current 
(Note 4) 

Vcc = max 


110 

155 

mA 


Note 4; 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65 to +150°C 

Temperature (Ambient) Under Bias 

-55to+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5to+7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5V to +Vcc max 

DC Input Voltage 

5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

-30 to + 5.0mA 
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Am2961 

SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE* 

Parameters Description 

COM’L 

MIL 

Units Test Conditions 

Ta = 0 to +70*C 
Vcc = 5.0V ±5% 

Min Max 

T = -55 to +125*C 
Vcc = 5.0V ±10% 

Min Max 

tPLH 

Propagation Delay B to Y (Latch 

Transparent, OEY = LEY = HIGH) 


25 


28 

ns 

Figure 1 

Cl = 5pF 

Rl = 3900 

R2 = IkO 

tPHL 


25 


28 

ns 

tPLH 

Propagation Delay W to Y 
(OEY = HIGH, S = LOW) 


15 


18 

ns 

tPHL 


15 


18 

ns 

tPLH 

Propagation Delay S to Y 
(OEY = HIGH) 


25 


28 

ns 

tPHL 


25 


28 

ns 

tPLH 

Propagation Delay LEY to Y 
(OEY = S = HIGH) 


25 


30 

ns 

tpHL 


35 


40 

ns 

tpZH 

Y Bus Output Enable Time 

OEY to Y 


18 


21 

ns 

tpZL 


18 


21 . 

ns 

tpHZ 

Y Bus Output Disable Time 

OEY to Y 


18 


21 

ns 

tPLZ 


18 


21 

ns 

tPLH 

Propagation Delay LEB to B 
(OEB = LOW) 


25 


30 

ns 

Figure 1 

Cl = 50pF 

Rl = 2700 

R2 = IkO 

tPHL 


35 


40 

ns 

tPLH, 

Propagation Delay Y to B (Latch Transparent, 

LEB = HIGH, OEB = LOW, OEY = LOW) 


18 


21 

ns 

tPHL 


20 


23 

ns 

tPLH 

Propagation Delay Y to B (Latch Transparent, 

LEB = HIGH, OEB = LOW, OEY = LOW) 


26 


30 

ns 

Figure 1 

Cl = 300pF 

Rl = 2700 

R2 = IkO 

tPHL 


31 


35 

ns 

tpZH 

B Bus Output Enable Time 

OEB to B 


18 


21 

ns 

Figure 1 

Cl = 50pF 

Rl = 2700 

R2 = IkO 

tpZL 


. 18 


21 

ns 

tPLZ 

B Bus Output Disable Time 

OEB to B 


18 


21 

ns 

tpHZ 


18 


21 

ns 

tpLH 

Propagation Delay Y to DO 
(OED = OEY = LOW) 


15 


18 

ns 

Figure 2 
Cl=50pF 

R = 2kO 

^PHL 


20 


23 

ns 

tpZH 

DO Output Enable Time 

OED to DO 


28 


30 

ns 

S = 2 

Figure 3 

Cl = 50pF 

R = 6800 

tpZL 


28 


30 

ns 

S = 1 

tPHZ 

DO Output Disable Time 

OED to DO 


16 


18 

ns 

S = 2 

tPLZ 


24 


28 

ns 

S = 1 

ts 

B to LEY Set-up Time (OEB = HIGH) 

6 


6 


ns 

Figure 1 

Cl = 50pF 

Rl = 390O 

R2 = IkO 

tH 

B to LEY Hold Time (OEB = HIGH) 

9 


10 


ns 

ts 

Y to LEB Set-up Time (OEY = LOW) 

6 


6 


ns 

Figure 1 

Cl = 50pF 

Rl = 2700 

R2 == IkO 

tH 

Y to LEB Hold Time (OEY = LOW) 

9 


10 


ns 


*AC perfomance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 



SWITCHING TEST CIRCUITS 


FROM 

DEVICE O-- 

OUTPUT 

JL Cl 

T 50pF 


]■ 

^2K 



Figure 2. 


Figure 3. 
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Am2962 

SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE* 

Paranneters Description 

COM’L 

MIL 

Units Test Conditions 

Ta = 0 to -l-TO^C 
Vcc = 5.0V ±5% 

Min Max 

T= -55 to -l-125"C 
Vcc = 5.0V ±10% 

Min Max 

tPLH 

Propagation Delay B to Y (Latch 

Transparent, OEY = LEY = HIGH) 


27 


28 

ns 

Figure 1 

Cl=5pF 

Rl = 390n 

R2 = 1kn 

tPHL 


27 


28 

ns 

tpLH 

Propagation Delay Dl to Y 
(OEY = HIGH, S = LOW) 


15 


18 

ns 

tPHL 


15 


18 

ns 

¥lh 

Propagation Delay S to Y 
(OEY = HIGH) 


25 


28 

ns 

tPHL 


25 


28 

ns 

tPLH 

Propagation Delay LEY to Y 
(OEY = S = HIGH) 


25 


30 

ns 

<PHL 


35 


40 

ns 

tpZH 

Y Bus Output Enable Time 

OEY to Y 


18 


21 

ns 

tpZL 


18 


21 

ns 

tPHZ 

Y Bus Output Disable Time 

OEY to Y 


18 


21 

ns 

fPLZ 


18 


21 

ns 

tpLH 

Propagation Delay LEB to B 
(OEB = LOW) 


25 


30 

ns 

Figure 1 

Cl - 50pF 

Rl = 27011 

R2 = Ikli 

tpHL 


35 


40 

ns 

¥lh 

Propagation Delay Y to B (Latch Transparent, 


20 


23 

ns 

fpHL 

LEB = HIGH, OEB = LOW, OEY = LOW) 


21 


24 

ns 

tpLH 

Propagation Delay Y to B (Latch Transparent, 

LEB = HIGH, OEB = LOW, OEY = LOW) 


28 


32 

ns 

Figure 1 

Cl = 300pF 

Rl = 27011 

R2 = Ikll 

tpHL 


32 


36 

ns 

tpZH 

B Bus Output Enable Time 

OEB to B 


18 


21 

ns 

Figure 1 

Cl = 50pF 

Rl = 27011 

R2 = Ikll 

fpZL 


18 


21 

ns 

tPLZ 

B Bus Output Disable Time 

OEB to B 


1 

18 


21 

ns 

tpHZ 


18 

1 


21 

ns 

tpLH 

Propagation Delay Y to DO 
(OED = OEY = LOW) 


15 


18 

ns 

Figure 2 

Cl = 50pF 

R = 2kll 

tpHL 


20 


23 

ns 

tpZH 

DO Output Enable Time 

OED to DO 


28 


30 

ns 

S = 2 

Figure 3 

Cl = 50pF 

R = 68011 

tpZL 


28 


30 

ns 

S = 1 

tpHZ 

DO Output Disable Time 

OED to DO 


16 


18 

ns 

S = 2 

tpLZ 


24 


28 

ns 

S= 1 

ts 

B to LEY Set-up Time (OEB = HIGH) 

8 


8 


ns 

Figure 1 

Cl = 50pF 

Rl = 39011 

R2 = Ikll 

tH 

B to LEY Hold Time (OEB = HIGH) 

8 


9 


ns 

ts 

Y to LEB Set-up Time (OEY - LOW) 

8 


8 


ns 

Figure 1 

Cl = 50pF 

Rl = 27011 

R2 = 1kll 

tH 

Y to LEB Hold Time (OEY = LOW) 

8 


9 


ns 


*AC perfomance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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DEFINITION OF FUNCTIONAL TERMS 

B 05 Bi The four bidirectional system data bus inputs/ 

B2, B3 outputs. The B-to-Y path is inverting for the 

Am2961 (Bj) and noninverting for the Am2962 (Bj). 

OEB The three-state Output En able f or the system data 
bus output drivers. When OEB is LOW data from 
the Data O utput Latch is output to the system data ' 
bus. When OEB is HIGH the bus drivers are in the 
high-impedance state and the Data Input Latch can 
receive input data from the system data bus. 

LEB Latch Enable for the Data Output Latch. When LEB 
is HIGH the latch is transparent and Y-Bus data is 
output to the B-Bus. When LEB goes LOW, Y-Bus 
data meeting the latch set-up and hold time re¬ 
quirements Is latched for output to the B-Bus. 

Yo,Yi, The four bidirectional EDO data inputs/outputs for 

Y2, Y3 connection to the EDO data I/O port. 

LEY The Latch Enable control for the Data Input Latch 
for the data input from the system data bus (B). 
When LEY is HIGH the latch is transparent and B 
input data is available at the MUX input for selec¬ 
tion to the Y outputs. When LEY goes LOW, B 
Input data meeting the latch set-up and hold time 
requirements is latched for subsequent selection to 
the Y outputs. 


OEY Output Enable for the Y (EDO) Bus outputs. When 
OEY is HIGH data selected by the input data mul¬ 
tiplexer is output to the Y-bus. When OEY is LOW 
the MUX output is In the high-impedance state and 
the Y-Bus can receive Input data from the EDO 
Unit. 

S The Select input for the input data multiplexer. A 

LOW mput selects data from the memory data 
input, Dl, for output to the EDO bus (Y). A HIGH 
input selects data from the system data bus Data 
Input Latch (B or B). 

POq. PO i » The Data Outputs to the memory data inputs. The 

DO2, DO3 DO outputs are inverted with respect to the EDO 
Bus (Y). These outputs are “RAM Driver” outputs 
with a collector resistor in the lower output driver to 
protect against undershoot on the HIGH-to-LOW 
transition. 

OED Output Enable for the DO, outputs. An active LOW 
input causes the DO outputs to output Inverted data 
from the EDO (Y) Bus and a HIGH Input puts the 
DO outputs in the high-impedance state. 

D!o.D!l, The Data Inputs from memory. Dl inputs are selected 

PJ 2 » P *3 by the data input MUX for output to the EDO (Y) Bus 
(controlled by S and OEY) and/or output t o the sys¬ 
tem data bus (B) (controlled by LEB and OEB). 
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METALLIZATION AND PAD LAYOUTS 


Am2961 


Am2962 


s 1 - 

OEY 2 - 

DOo 3 - 

Bo 4 - 

JTo 5 - 

Dip 6 - 

Dll 7 - 

Yi 8 - 

fl 9 - 

DOi 10 - 

LEY 11 - 

GND12 - 



DOo 3 
Bo 4 
2o 5 
1^0 6 
Dll 7 
Yi 8 
Bi 9 
d6i 10 

LEY 11 
GND12 




24Vcc 
23 515 

22 653 

21 B3 
20^ 
19 Dip 
I8DI2 
17 Ya 
16 Ba 

15662 


DIE SIZES .102” X .087” 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Am2961 

Order Number 

Am2962 

Order Number 

Package Type 

(Notel) 

Operating Range 

(Note 2) 

Screening Level 

(Note 3) 

AM2961DC 

AM2962DC 

D-24-SLIM 

C 

C-1 

AM2961DC-B 

AM2962DC-B 

D-24-SLIM 

C 

B-2 (Note 4) 

AM2961DM 

AM2962DM 

D-24-SLiM 

M 

C-3 

AM2961DM-B 

AM2962DM-B 

D-24-SLIM 

M 

B-3 

AM2961FM 

AM2962FM 

F-24 

M 

C-3 

AM2961FM-B 

AM2962FM-B 

F-24 

M 

B-3 

AM2961LC 

AM2962LC 

L-20 

C 

C-1 

AM2961LCB 

AM2962LCB 

L-20 

C 

B-2 

AM2961LM 

AM2962LM 

L-20 

M 

C-3 

AM2961LMB 

AM2962LMB 

L-20 

M 

B-3 

AM2961XC 

AM2962XC 

Dice 

C 

\ Visual inspection 

1 to MIL-STD-883 

AM2961XM 

AM2962XM 

Dice 

M 

) method 201 OB 


Notes: 1. D = Hermetic DIP, F = Flat Pak, L = Chip-Pak. Number following letter is number of leads. See Appendix B for 
detailed outline. Where Appendix B contains several dash numbers, any of the variations of the package may be 
used unless otherwise specified. 

2. C = 0 to +70°C, Vcc = 4.75V to 5.25V, M = -55 to +125°C, Vcc = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms 
to MIL-STD-883, Class B. 

4. 96 hour burn-in. 
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Am2964B 

Dynamic Memory Controller 


DISTINCTIVE CHARACTERISTICS 

• Dynamic Memory Controller for 16K and 64K MOS 
dynamic RAMs 

• 8-Bit Refresh Counter for refresh address generation, 
has clear input and terminal count output 

• Refresh Co unter terminal count sele ctable at 256 or 128 

• Latch input RAS Decoder provides 4 RAS outputs, all 

active during refresh _ 

• Dual 8-Bit Address Latches plus separate RAS Decoder 
Latches 

• Grouping functions on a common chip mini mize s spe ed 
differential or skew between address, RAS and CAS 
outputs 

• 3-Port, 8-Bit Address Multiplexer with Schottky speed 

• Burst mode, distributed refresh or transparent refresh 

mode determined by u ser _ 

• Noninverting address, RAS and CAS paths 


CONNECTION DIAGRAMS 
Top Views 


^2 C~ 1 

^3 m 2 
RASi CZ| : 
nSELo [ 

RSELi 5 

CASO CZ 6 
cAsi CZ ■ 
CLR CZja 
TC [ 

Vcc [ 

Ai5 CZI^ 1 
07 C 

A7 C 
CZJ 14 
06 C 

MSEL [ 

Ae [ 

Ai 3 d 18 
05 [;;;: 19 
As □;;; 20 


DIP 


□ RASi 
[Z 3 RASo 
Afl 
Oo 
U le 
ZI Ae 
ZI A, 
Z Oi 
Z A 9 
Aa 
GNO 
O2 
A10 
A 3 

Z 03 
Z RFSH 
Z All 

A4 

jZ 04 

Ai 2 


Chip-Pak 

i i i s n 



Aa 

GNO 

02 


FUNCTIONAL DESCRIPTION 

The Am2964B Dynamic Memory Controller (DMCj replaces 
a dozen MSI devices by grouping several unique functions. 
Two 8 -bit latches capture and hold the memory address. 
These latches and a clearable, 8 -bit refresh counter feed 
into an 8 -bit, 3-input, Schottky speed MUX, for output to the 
dynamic RAM address lines. 

The same silicon chip also includes a special RAS decoder 
and CAS buffer. Placing these functions on the same chip 
minimizes the time skew between output functions which 
would otherwise be separate MSI chips, and therefore, 
allows a faster memory cycle time by the amount of skew 
eliminated. 

The RAS Decoder allows upper addresses to select one- 
of-fou r banks of RAM by dete rminin g which bank receives a 
RAS input. During refresh (RFSH = LOW) the decoder 
mode is chang ed to four-of-four and all banks of m emory 
receive a R AS in put for refresh in response to a RASI active 
LOW input. CAS is inhibited during refresh. 

Burst mode refresh is accomplished by holding RFSH LOW 
and toggling RASI. 

Ai 5 is a dual function input which controls the refresh 
counter’s range. For 64K RAMs it is an address input. For 
16K RAMs it can be pulled to +12V through IKH to termi¬ 
nate the refresh count at 128 instead of 256. 


LOGIC DIAGRAM 



BLI-123 



4-61 






Am2964B 

MAXIMUM RATINGS (Above which useful life may be impaired) 

Storage Temperature 

-65to+150X 

Temperature (Ambient) Under Bias 

-55to+125°C 

Supply Voltage to Ground Potential 

-0.5 to +7.0V 

DC Voltage Applied to Outputs for High Output State 

-O.SVto+VccMAX 

DC Input Voltage 

-0.5 to 5.5V 

DC Output Current, Into Outputs ' 

30mA 

DC Input Current 

^30 to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless otherwise noted) 

(Group A, Subgroups 1,2 and 3) 

Am2964XC TA = 0to + 70°C Vcc = 5.0V ± 5% (Com’l) MIN = 4.75V MAX = 5.25V 

Am2964XM Jq = -55 to +125°C Vcc = 5.0V ± 10% (MIL) MIN = 4.50V MAX = 5.50V 


TYP 

Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units 


VoH 

Output HIGH Voltage 

Vcc = min 

V|N = V|H or V|L 
•0H=.-1niA 

TC 

2.5 



Volts 

Others 

3.0 



Volts 

VOH 

Output HIGH Voltage 

Vcc = min 

V|N = Mh or V|L 
•oh = -15mA 

All outputs 
except TC 

2.0 



Volts 

VoL 

Output LOW Voltage 

Vcc = min 

Mn = Mh or V|L 

All outputs except 

TC, Iql = 16mA 



0.5 

Volts 

TC, Iql = 8mA 



d.5 

Volts 

V,H 

Input HIGH level 

Guaranteed input logical HIGH 
voltage for all Inputs 

2.0 



Volts 

Ml 

Input LOW level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

M 

Input Clamp Voltage 

Vcc = min, I|h = -18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

o ” 

< > 

X 

RASI 



-3.2 

mA 

C^, MSEL, RFSH 



-1.6 

mA 

Aq - Ai 5, CLR 
RSELo.i,LE 



-0.4 

mA 

i|H 

Input HIGH Current 

Vcc = MAX 

V|N = 2.7 V 

RA^ 



100 

fjiA 

C^, MSEL, RFSH 



50 

fiA 

Aq-Ais. CLR 

RSELo.i, LE 



20 

fiA 

ll 

Input HIGH Current 

Vcc = MAX 

V|h = 5.5V 

WSi 



2.0 

mA 

CASI, MSEL, RFSH 



1.0 

mA 

Vcc = max 

V|H = 5.5V 

Aq-Ais, CLR 

RSELo.i, LE 



0.1 

mA 

•sc 

Output Short Circuit Current 

Vcc = max (Note 3) 

-40 


-100 

mA 

•cc 

■■■ 

Power Supply Current 
(Note 4) 

25°C. 5V 



122 


mA 

0 to 70°C 

COM’L 



173 

mA 

70°C 



165 

mA 

-55 to +125°C 

MIL 



165 

mA 

+125'’C 



150 

mA 

•t 

Ai 5 Enable Current 

Ai 5 connected to +12V through IKft ± 10% 



5 

mA 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Ice is worst case when the Address inputs are latched HIGH, the refresh counter is at terminal count (255), RASI and CASI are HIGH and all 
Other inputs are LOW. 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE FOR 

(Notes 5, 6) 


Am2964B 


Description 


Aj to Oj Delay 

RASi to RKS\ (R^ = H) 

RASi to (RFSH = L) 


Ta = +25*0 Ta = OX to +70X Tc = -55X to +125X 
Vcc = 5.0V Vcc = 5.0V ± 5% Vcc = 5.0V ± 10% 


Test 

Units Conditions 


CASI to CASO (RFSH = H) 

RSELj to ^ (LE = H, R^ = L) 
R^ to TC (R^l = L) 

R^ to TC (RF^ = L) 


RFSH to C ASO 

(RASI = L CASI = L, Note 7) 


10 tpw RASI = L (RFSH = L) 

11 tpw R^ = H (RFSH = L) 

12 tpD RF^ to Oj (RA^ = X) 

13 tpHL to MSi (RASi = L) 

14 tpw CLR = L 

RFSH to Ci^ 

tpLH ^ L CASI = L, Note 7) 

16 tpD LEtoOj 

17 tpHL LEtoRASj 

18 tpLH CLR to TC 

19 tpLH CLR to Oj (RFSH = L) 

20 ts Aj to LE Set-up Time 

21 tn Aj to LE Hold Time 

22 ts RSELj to LE Set-up Time 

23 tH RSELj to LE Hold Time 

24 ts CLR Recovery Time 

25 tsKEW Oj to ^j (RF^ = H, Note 8) 

26 tsKEW Oj to CASO (Note 8) 

27 tsKEW Oj to RAS\ (RFSH = L, Note 9) 

28 tsKEW Oj to ^j (MSEL = 1_ , Note 10) 


Cl = 50pF 


Notes: 5. Minimum spec limits for tpy^, tg and t^ are minimum system operating requirements. Limits for tsKEW tpp are guaranteed test limits 
for the device, 

6. All AC param eters ar e specified at the 1.5V level. _ 

7. RFSH inhib it s CASO during refresh. Specification is for CASO inhibit time. _ _ 

8. Oj to RASj (RFSH = HIGH) skew is guaranteed maximum difference between fa stest R A SI to R ASj delay and slowest Aj to Oj delay 
within a single device. Oj to CASO skew is maximum difference between fastest CASI to CASO delay and slowest MSEL to Oj delay 
within a sin g le devi ce. See application section entitled Memory Cycle Timing for correl ation to System Timing requireme nts. 

9. Oj to RASj (RFSH = LOW) skew Is guaranteed maximum difference between fastest RASI to RASj delay and slowest RFSH to Oj delay 

within a sing le device. See application section on Refresh Timing for correlation to system refresh timing requirements. _ __ 

10, Oj to RASj (MSEL = "L ) skew is guaranteed maximum difference between fastest MSEL T. to Oj delay and slowest RASI to RASj 
delay within a single device. 
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Ani2964B 

SWITCHING CHARACTERISTICS OVER OPERATING RANGE FOR 

(Notes 5, 6) 


Cl = 150pF 






COM’L 

MIL 





Ta = +25'C 
Vcc = 5.0V 

Ta = 0®C to -H70X 
Vcc = 5.0V ± 5% 

Tc = -SS^C to -H25‘*C 
Vcc = 5.0V ± 10% 


Test 

Parameter 

Description 

Typ. 

Min. 

Max. 

Min. 

Max. 

Units 

Conditions 

1 

tpD 

Aj to Oj Delay 

20 


25 


30 

ns 


2 

fpHL 

^1 to R^j (RFSH = H) 

,18 


24 


27 

ns 


3 

tpHL 

to aSSi (RFSH *= L) 

18 


24 


27 

ns 


4 

¥d 

MSEL to Oj 

23 

12 


12 


ns 


5 

tpD 

MSEL to Oi 

23 


27 


31 

ns 


6 

fPHL 

to 5\S0 (R^ = H) 

17 


24 


26 

ns 


7 

tpHL 

RSELj to RASi (LE = H, R^ = L) 

19 


27 


30 

ns 


8 

¥lh 

RFSH to TC (R^ = L) 

34 


45 


55 

ns 


9 

tpLH 

R^l to TC (RFSH = L) 

32 


45 


55 

ns 


10 

tpw 

R^ = L (R^ = L) 

10 

50 


50 


ns 


11 

tpw 

rXSI = H (RFSH = L) 

10 

50 


50 


ns 


12 

fpD 

RFSH to Oj (RASI = X) 

21 


27 


30 

ns 


13 

¥hl 

RFSH to (RAS\ = L) 

25 


33 


36 

ns 

Cl = 150pF 

14 

tpw 

CLR = L 

10 

30 


35 


ns 


15 

tpLH 

RFSH to 

(RASI = L CASI = L, Note 7) 

21 


27 


31 

ns 


16 

tpD 

LE to Oj 

30 


40 


50 

ns 


17 

tpHL 

LE to 

34 


45 


54 

ns 


18 

tpLH 

CLRtoTC 

39 


55 


60 

ns 


19 

tpLH 

CLR to Oj (RFSH = L) 

38 


50 


62 

ns 


20 

ts 

Aj to LE Set-up Time 

0 

5 


5 


ns 


21 

tH 

Aj to LE Hold Time 

5 

12 

■ 

12 


ns 


22 

ts 

RSELj to LE Set-up Time 

0 

5 

, 

5 


ns 


23 

tH 

RSELj to LE Hold Time 

10 

17 


25 


ns 


24 

ts 

CLR Recovery Time 

10 

16 


18 


ns 


25 

tSKEW 

Oj to ^j (RFSH = H, Note 8) 

3 


6 


7 

ns 


26 

tSKEW 

Oj to CASO (Note 8) 

6 


8 


8 

ns 


27 

tSKEW 

Oj to (R^ = L, Note 9) 

6 


9 


10 

ns 


28 

tSKEW 

Oj to RAS| (MSEL = T. , Note 10) 

1 


5 


5 

ns 



Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful. 

1. Insure the part is adequately decoupled at the test head. 
Large changes In Vcg current as the device switches may 
cause erroneous function failures due to Vqc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. Fol¬ 
lowing an input transition, ground current may change by as 
much as 400mA in 5-8ns. Inductance in the ground cable 


may allow the ground pin at the device to rise by 100’s of 
millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
V|L ^ 0.4V and Vm ^ 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide Fairchild 
Sentry programs, under license. 
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DEFINITION OF FUNCTIONAL TERMS 

A 0 -A 7 The low order Address inputs are used to latch 
eight Row Address inputs for the RAM. These 
inputs drive the outputs O 0 -O 7 when MSEL Is 
HIGH. 

A 8 -A 15 The high order Address inputs are used to latch 
eight Column Address inputs for the RAM. These 
inputs drive the outputs Oo-Oy when MSEL Is LOW. 

Ai 5 Ai 5 is a dual input. With normal TTL level Inputs 

Ai 5 acts as address input A 15 for 64K RAMs. If 
Ai 5 is pulled up to +12V through a 1KO resistor, 
the terminal count output, TC, will go LOW every 
128 counts (for 16K RAMs) instead of every 256 
counts. 

Oo-D? The RAM address outputs. The eight-bit width is 

designed for dynamic RAMs up to 64K. 

MSEL The Multiplexer-SELect input determines 
whether low order or high order address inputs 
appear at the multiplexer outputs O 0 -O 7 . When 
MSEL is HIGH the low order address latches 
(A 0 -A 7 ) are connected to the outputs. When 
MSEL is LOW the high order address latches 
are connected to the outputs. 

The Re fresh control input. When active LOW the 
RFSH Input switches the address output multi¬ 
plexer to output the inv erted contents of the 8 -bit 
refresh counter. RFSH LOW also in hibits the CAS 
buffer and changes the mode of the RAS de coder 
from one-of-four t o four -o f-four s o that all fo ur RA S 
decoder outputs, RASq, RASi, RAS 2 and R AS 3 , 
go LOW In response to a LOW input at RASI. This 
actio n refr eshes one row address in each of the 
four RAS decoded memory banks. The refresh 
counter is advanced at the end of eac h refre sh 
cycle by the LOW-to-HIGH transition of RFSH or 
RASI (which ever occurs first). In burst mode re¬ 
fresh, RFSH may be h eld LO W and refresh ac¬ 
complished by toggling RASI. 

TC The Terminal Count output. A LOW output at TC 

indicates that the refresh counter has been se¬ 


quenced through either 128 or 256 refresh addres¬ 
ses depending on A 15 . The TC output remains 
active LOW until the refres h c ounter is advanced 
by the rising edge of RASI or RFSH. 

CLR The ref resh counter Clear input. An active LOW 

input at CLR resets the refresh counter to all LOW 
(refresh address output to all HIGH). 


LE The address latch enable input. An active HIGH 

Input at LE c auses the two 8 -bit address latches 
and the 2-bit RAS Select input latch to go trans¬ 
parent, accepting new input data. A LOW input on 
LE latches the input data which meets set-up and 
hold time requirements. 

RSELq and The RAS decoder Select inputs. Data (latched) at 
RSELi these inputs (n orma lly higher or der ad dresses) is 
decoded by the RAS Decoder to “R A S Sele c t” on e 
of four b anks of memory with RASq, RASi, RAS 2 
or RAS 3 . 


RASI 


The Row Address Strobe I nput. During normal 
mem o ry cyc l es the sel ected RAS Decoder output 
RASq, RASi , RAS 2 or RAS 3 will go active LOW in 
response to an active LOW input at RASI. During 
refresh (RFSH = LO W), all RAS outputs go LOW 
in response to RASI = LOW. 


RAS q, RAS i Row Address Strobe outputs (RASj). Each pro- 

RAS 2 , RAS 3 vides a Row Address Strobe for one of the four 
banks of memory. Each will go active LOW only 
when selec ted by RSELq and RSELi and only 
when RASI goes active L OW. A ll RA Sq-q ou tputs 
go active low in response RASI when RFSH goes 
LOW. 

CASI Th e Colu mn Address Strobe. An active LOW input 

at CAS I will result in an active LOW ou tput at 
CASO, unless a refresh cycle is in progress (RFSH 
= LOW). 

CASO The Column Address Strobe output. The active 
LOW CASO output stro bes the Column Address 
into the dynamic RAM. CASO is inhibited during 
refresh (RFSH = LOW). 


RAS OUTPUT FUNCTION TABLE 


RFSH 

RASI 

RSELi 

RSELq 

RASq 

■^1 

WaS2 

^3 

L 

H 

X 

X 

H 

H 

H 

H 

L 

L 

X 

X 

L 

. 

L 

L 

L 

H 

H 

X 

X 

H 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

L 

L 

H 

H 

L 

H 

H 

H 

L 

H 

L 

H 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

L 


CASO FUNCTION TABLE 


RFSH 

cast 

CASO 

H 

L 

L 

H 

H 

H 

L 

X 

H 


ADDRESS OUTPUT FUNCTION TABLE 


MSEL 

RFSH 

O 0 -O 7 

H 

H 

A 0 -A 7 

L 

H 

A 8 -A 15 

X 

■L ■ ! 

Refresh Address 
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REFRESH ADDRESS COUNTER FUNCTION TABLE 



Through 1 kll resistor. 


BURST REFRESH TIMING 




The timing shown assumes that burst mode applications may power-down the Am2964B with the RAM. Therefore the counter is cleared prior to executing 
the refresh sequence. 
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APPLICATION 

ARCHITECTURE 

The Dynamic Memory Controller (DMC) p rovides ad dress mul¬ 
tiplexing, refresh address generation and RAS/CAS control for 
the MOS dynamic RAM memories of any data width. The eight bit 
address path is designed for 64K RAMs and can be used with 16K 
RAMs. 

Sixteen address input latches and two RAS Select latches (for 
higher order addresses) allow the DMC to control up to 256K 
words of memory (with 64K RAMs) by using the internal RAS 
decoder to select from one-of-four banks of RAMs. 

SPEED WITH MINIMUM SKEW 

The DMC provides Schottky speed in all of the crit ical p aths. In 
addition, time skew between the Address, RAS and CAS paths is 
minimized (and specified) by placi ng these functions on the same 
chip. The inclusion of the CAS bu ffer a llows matching of its 
propa gation delay, plus provides the CAS inhibit function during 
RAS - only refresh. 


INPUT LATCHES 

The eighteen Input latches are transparent when LE is HIGH and 
latch the input data meeting set-up and hold time requirements 
when LE goes LOW. In systems with separate address and data 
buses, LE may be permanently enabled HIGH. 


REFRESH COUNTER 

The 8-bit refresh counter provides both 128 and 256 line refresh 
capability. Refresh control is external to allow maximum user 
flexibility. Transparent (hidden), burst, synchronous or asyn¬ 
chronous refresh modes are all possible. 

T he refre sh counte r is advanced at the LOW-to-HIGH transition 
of RFSH (or RASI). This assures a stable counter output for the 
next refresh cycle. The counter will conti nue to cycle through 256 
addresses unless reset to zero by CLR. This actually causes all 
outputs to go HIGH since the output MUX is inverting. (Address 
inputs to outputs are non-inverting since both the input latches 
and output MUX are inverting). 


64K WORD X 22-BIT MEMORY 
DATA MEMORY 



^Address and RAS/CAS drivers each drive 22 RAM inp uts at eac h output. Timing ske w is minimized by 
using one device for address lines and one device for RAS/CAS, spreading the CAS loading over four 
drivers to equalize the capacitive load on each driver. 


Figure 1. Dynamic Memory Control with Error Detection and Correction 
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REFRESH TERMINAL COUNT 

The refresh counter also, provides a Terminal Count output for 
burst mode refresh appl ication s. TC normally occurs at count 255 
(Oq to O 7 all l 6 w when RFSH is LOW). TC can be made to occur 
at count 127 for 128 line burst mode refresh by pulling A 15 up to 
+12V through a IKH ± 10% resistor. The counter actually cycles 
through 256 with TC determined by 5 . Otherwise Ai 5 functions 
as an address input when driven at normal TTL levels. 

THREE INPUT 8-BIT ADDRESS MULTIPLEXER 

The address MUX is 8 -blts wide (for 64K RAMs) and has three 
data sources, the lower address input latch (Aq to'Ay), the upper 
address input latch (Aq to A 15 ) and the internal refresh counter. 
The lower address latch is selected when MSEL is HIGH. This is 
normally the Row address. The upper address latch Is selected 
when MSEL is LOW. This is normally the Column addre ss. The 
third source - the refresh counter is selected when RFSH is LOW 
and overrides MSEL. 

When RFS H goes LOW, the MUX sele cts th e refresh counter 
address and CASO is inhibited. Also, the RAS Decoder function 


is ch a nged from one-of-four to four-of-four so all RAS o utputs 
RAS 0 -RAS 3 go LOW to refresh all banks of mem ory when RASI 
goes LOW. When R FSH is HIGH only one RAS output goes low, 
determined by the R AS Select Inputs, RSELq and RSE Lj. In 
either case the RAS Decoder output timing is controlled b y RAS I 
to ma ke sure the refresh count appears at O 0 -O 7 before RASq- 
RAS 3 go LOW. This assures meeting Row address Set-up time 
requirement of the RAM (tAsn)- 

MAXIMUM PERFORMANCE SYSTEM 

The typical organization of a maximum performance 16-bit sys¬ 
tem including Error Detection and Correction is shown in Figure 1. 
Delay lines provi de the most accurate timing and are recom¬ 
mended for RAS/MSE17CAS timing in this type of system. 

CONTROLLING 16K RAMS OR SMALLER SYSTEMS 

16K RAMs require seven address inputs and 128 line refresh. 
Also, Aq is often used to designate upper or lower byte trans 
actions in 16-bit systems. These modifications are shown in 
Figure 2 . 


+12V 



BYTES WORDS 

0-32K 0-16K 

32-64K 16-32K 

64-96K 32-48K 

96-128K 48-64K 


*Ao Controls Byte Select Logic 

Figure 2. Word Organized Memory Using 16K RAMs 
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MEMORY CYCLE TIMING 

The relationship between DMG specifications and system tim¬ 
ing requirements are shown in Figure 3. Ti, T 2 and T 3 repre¬ 
sent the minimum timing requirements at the DMC inputs to 
guarantee that RAM timing requirements are met and that 
maximum system performance is achieved. 


The minimum requirement for Ti, T 2 , and T 3 are as follows: 

T-iMIN = tRAH + t28 

T2MIN = Ti + t 26 + tASC 
T 3 MIN = tASR + t25 

See RAM data sheet for applicable values for tp^^ t^sc 



= GUARANTEED MAX DIFFERENCE BETWEEN FASTEST RASI TO RASi DELAY 

^ AND THE SLOWEST A, TO O; DELAY ON ANY SINGLE DEVICE. _ 

GUARANTEED MAX DIFFERENCE BETWEEN FASTEST CASI TO CASO DELAY 
^ AND THE SLOWEST MSEL TO 0, DELAY ON ANY SINGLE DEVICE. 

GUARANTEED MAX DIFFERENCE BETWEEN FASTEST MSEL AND Oj DELAY 
^ AND THE SLOWEST RASI TO RAS, DELAY ON ANY SINGLE DEVICE. 


a) Specifications Applicable to Memory Cycle Timing 
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REFRESH CYCLE TIMING 

The timing relationships for refresh are shown in Figure 4. 
T 4 minimum is calculated as follows: 

T 4 = USR + ^27 



a) Test Waveforms 



b) Desired System Timing 


Figure 4. Refresh Timing 
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ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, 
temperature range, and screening level. 


Am2964B 

Package Type 

Operating Range 

Screening Level 

Order Number 

(Note 1) 

(Note 2) 

(Note 3) 

AM2964BPC 

P-40 

C 

C-1 

AM2964BDC 

D-40 

C 

C-1 

AM2964BDC-B 

D-40 

C 

B-2 (Note 4) 

AM2964BDM 

D-40 

M 

C-3 

AM2964BDM-B 

D-40 

M 

D-3 

AM2964BLC 

L-44 

C 

C-1 

AM2964BLM 

L-44 

M 

C-1 

AM2964BLM-B 

L-44 

M 

B-3 

AM2964BXC 

Dice 

C 

\ Visual inspection 
i to MIL-STD-883 
j Method 2010B. 

AM2964BXM 

Dice 

M 


Notes: 1. P = Molded DIP, D = Hermetic DIP, L = Chip-Pak. Number following letter is number of leads. 

See Appendix 

B for detailed outline. Where Appendix B contains several dash numbers, any of the variations of the 
package may be used unless otherwise specified. 

2. C = 0°C to +70°C, Vcc = 4.75V to 5.25V, M = ~55°C to +125°C, Vcc = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 
conforms to MIL-STD-883, Class B. 

4. 96 hour burn-in. 












This device is also 
characterized as: 

AmZ8165 

AmZ8166 


Am2965 • Ann2966 

Octal Dynamic Memory Drivers with Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 

• Controlled rise and fall characteristics 

Internal resistors provide symmetrical drive to HIGH and 
LOW states, eliminating need for external series resistor. 

• Output swings designed to drive 16K and 64K RAMs 

Vqh guaranteed at Vcc -1.15V. Undershoot going LOW 
guaranteed at less than 0.5V. 

• Large capacitive drive capability 

35mA min source or sink current at 2.0V. Propagation 
delays specified for 50pF and 500pF loads. 

• Pin-compatible with ’S240 and ’S244 
Non-inverting Am2966 replaces 74S244; inverting Am2965 
replaces 74S240. Faster than ’S240/244 under equivalent 
load. 

• No-glitch outputs 

Outputs forced into OFF state during power up and down. 
No glitch coming out of three-state. 


CONNECTION DIAGRAM 
Top View 



FUNCTIONAL DESCRIPTION 

The Am2965 and Am2966 are designed and specified to drive the 
capacitive Input characteristics of the address and control lines of 
MOS dynamic RAMs. The unique design of the lower output 
driver includes a collector resistor to control undershoot on the 
HIGH-to-LOW transition. The upper output driver pulls up to Vcc 
- 1.15V to be compatible with MOS memory and is designed to 
have a rise time symmetrical with the lower output’s controlled fall 
time. This allows optimization of Dynamic RAM performance. 

The Am2965 and Am2966 are pin-compatible with the popular 
’S240 and ’S244 with identical 3-state output enable controls. The 
Am2965 has Inverting drivers and the Am2966 has non-inverting 
drivers. 

The inclusion of an Internal resistor in the lower output driver 
eliminates the requirement for an external series resistor, there¬ 
fore reducing package count and the board area required. The 
internal resistor controls the output fall and undershoot without 
slowing the output rise. 

These devices are designed for use with the Am2964 Dynamic 
Memory Controller where large dynamic memories with highly 
capacitive input line s requ ire addit ional buffering. Driving eight 
address lines or four RAS and four CAS lines with drivers on the 
same silicon chip also provides a significant performance ad¬ 
vantage by minimizing skew between drivers. Each device has 
specified skew between drivers to improve the memory access 
worst case timing over the min and max tpQ difference of un¬ 
specified devices. 


TYPICAL OUTPUT DRIVER 


OUTPUT TO 
RAM ADDRESS 
OR CONTROL 
LINES 


Note; Pin 1 is marked for orientation. 

















Am2965*Am2966 

MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

—65 to +150°C 

Temperature (Ambient) Under Bias 

-55to+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5 to +7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5V to +Vcc max 

DC Input Voltage 

-0.5 to +7.0V 

DC Output Current, into Outputs 

200mA 

DC Input Current 

-30 to +5.0mA 


ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

Am2965/66XC, DC, PC Ta = 0 to 70°C Vcc = 5.0V ±10% (MIN = 4.50V 

Am2965/66XM, DM Ta = -55 to +125°C Vcc 5.0V ±10% (MIN = 4.50V 

Am2965/66FM Tq = -55 to +125°C Vcc = 5.0V ±10% (MIN = 4.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 


MAX = 5.50V) 
MAX = 5.50V) 
MAX = 5.50V) 


Typ 

Parameters _Description Test Conditions (Note 1) Min (Note 2) Max Units 


VoH 

Output High Voltage 

Vcc = 

V|N = V|HorV,L 

•oh = -ImA 

Vcc-1'15 

VCC-0.7V 


Volts 

VoL 

Output LOW Voltage 

Vcc = IVIIN 

V|N = V|H or V(L 

•OL = ImA 



0.5 

Volts 

•oL = 12mA 



0.8 

VlH 

Input HIGH Level 

Guaranteed input logical HIGH voltage 
for all inputs 

2.0 



Volts 

V,L 

Input LOW Level 

Guaranteed input logical LOW voltage 
for all inputs 



0.8 

Volts 

vr 

Input Clamp Voltage 

Vcc = •^•N, l|N = -18mA 

— 


-1.2 

Volts 

l|L 

Input LOW Current 

Vcc = •^AX, V,N = 0.4V 

DATA 



-200 

fiA 

Tg.^ 



-400 

«IH 

Input HIGH Current 

Vcc = I^AX, V,N = 2.7V 



20 

fxA 


Input HIGH Current 

Vcc = max, V,n = 7.0V 



0.1 

mA 

•oZH 

Off-State Current 

Vo = 2.7V 



100 

fiA 

•OZL 

Off-State Current 

Vo = 0.4V 



-200 

fxA 

■OL 

Output Sink Current 

VoL = 2.0V 

50 



mA 

•oh 

Output Source Current 

VoH = 2.0V 

-35 



mA 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

-60 

(see Ioh) 


-200 

mA 

•cc 

Supply Current 

Am2965 

All Outputs HIGH 

Vcc = max 

Outputs Open 


2-* , 

50 

mA 

All Outputs LOW 


86 

125 

All Outputs Hi-Z 


86 

125 

Am2966 

All Outputs HIGH 

Vcc = max 

Outputs Open 


53 

75 

All Outputs LOW 


92 

130 

All Outputs Hi-Z 


116 

150 


Notes; 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc “ 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am2965 • Am2966 
SWITCHING CHARACTERISTICS 

(Ta = +25‘‘C, Vcc = 5.0V) 

Parameters Description Test Conditions Min Typ Max Units 


tpLH 

Propagation Delay Time from 
LOW-to-HIGH Output 

Figure 1 Test Circuit 
Figure 3 Voltage Levels 
and Waveforms 

Cl = OpF 


6 

(Note 4) 

ns 

Cl = 50pF 

6 

9 

15 

Cl = 500pF 

18 

22 

30 

tpHL 

Propagation Delay Time from 
HIGH-to-LOW Output 

LL 

Q. 

O 

II 


4 

(Note 4) 

ns 

Cl = 50pF 

5 

7 

15 

Cl = 500pF 

18 

22 

30 

tpLZ 

Output Disable Time from 

LOW, HIGH 

Figures 2 and 4, S = 1 


11 

20 

ns 

tpHZ 

Figures 2 and 4, S = 2 


6.5 

12 

Wl 

Output Enable Time from 

LOW, HIGH 

Figures 2 and 4, S = 1 


12 

20 

ns 

tpZH 

Figures 2 and 4, S = 2 


12 

20 

^SKEW 

Output-to-Output Skew 

Figures 1 and 3, Cl = 50pF 


±0.5 

±3.0 
(Note 5) 

ns 

Vqnp 

Output Voltage Undershoot 

Figures 1 and 3, Cl = 50pF 


0 ■ 

-0.5 

Volts 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE (Note 6) 






COM’L 

MIL (Note 7) 






Ta 

= 0 to 70X 

Ta = -55 to -l-125“C 






Vcc 

= 5.0V BliM^ 

Vcc = 5.0V ±10% 


Parameters 

Description 

Test Conditions | 

Min 


Max 

Min 

Max 

Units 

tPLH 

Propagation Delay Time 

Figures 1 and 3 

Cl = 50pF 

4 

17 

4 

20 


LOW-to-HIGH Output 

Cl = 500pF 

18 

35 

18 

40 


tpHL 

1 

Propagation Delay Time 

Figures 1 and 3 

Cl = 50pF 

4 

17 

4 

20 

ns 

HIGH-to-LOW Output 

Cl = 500pF 

18 

35 

18 

40 

tpLZ 

Output Disable Time from 

Figures 2 and 4 

S = 1 


24 


24 

ns 

tpHZ 

LOW, HIGH 

S = 2 


16 


16 

tpZL 

Output Enable Time from 

Figures 2 and 4 

S =1 


28 


28 


tpZH 

LOW, HIGH 

S = 2 


28 


28 


Vqnp 

Output Voltage Undershoot 

Figures 1 and 3, Cl = 50pF 


-0.5 


-0.5 

Volts 


Notes: 4. Typical time shown for reference only - not tested. 

5. Time Skew specification is guaranteed by design but not tested. 

6. AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

7. Tc = -55 to +125°C for Flatpak versions. 



SWITCHING TEST CIRCUITS 








Vcc 

j 





R 

1 ^L2,ZL 


FROM 


FROM 

680n 



OUTPUT 

_L r«* 

I J 

► _ BLI-129 

► ” 

► 2kn 

OUTPUT 

Icl 

J“50pF 

2 J HZ, ZH 

BLI-130 

*tpci specified at C = 50 and 500pF. 





Figure 1. Capacitive Load Switching. 

Figure 2. Three-State Enable/Disable. 
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TYPICAL SWITCHING CHARACTERISTICS 

VOLTAGE WAVEFORMS 




3.0V 


OV 


VOH 


OV 

Vcc 


VoL 


BLi-131 tr = tf = 2.5ns BLi-132 tr = tf = 2.5ns 

f = 2.5MHz f = 1MHz 

tpw = 200ns tpy^ = 800ns 

Figure 3. Output Drive Leveis. Figure 4. Three>State Control Levels. 

The RAM Driver symmetrical output design offers significant improvement over a standard Schottky output by providing a balanced 
drive output impedance (-250 both HIGH and LOW), and by pulling up to MOS Vqh levels (Vqq - 1.5V). External resistors, not 
required with the RAM Driver, protect standard Schottky drivers from error causing undershoot but also slow the output rise by 
adding to the internal R. 

The RAM Driver is optimized to drive LOW at maximum speed based on safe undershoot control and to drive HIGH with a symmetrical 
speed characteristic. This is an optimum approach because the dominant RAM loading characteristic is input capacitance. 

The curves shown below provide performance characteristics typical of both the inverting (Am2965) and non-inverting (Am2966) RAM 
Drivers. 



tpLH - ns 


BLI-133 



tpHL - ns 


Figure 5. tpL^ ^OH = 2.7 Volts vs. Cl. 


Figure 6. tp^L Vql = 0-8 Volts vs. Cl- 


The curves above depict the typical tPLH and tPHL for the RAM Driver outputs as a function of load capacitance. The minimums and 
maximums are shown for worst case design. The typical band is provided as a guide for intermediate capacitive loads. 
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ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Am2965 

Order Number 

Am2966 

Order Number 

Package 

Type 

Temperature 

Range 

Screening 

Level 

AM2965PC 

AM2966PC 

P-20 

C 

C-1 

AM2965DC 

AM2966DC 

D-20 

C 

C-1 

AM2965DCB 

AM2966DCB 

D-20 

C 

B-1 

AM2965DM 

AM2966DM 

D-20 

M 

C-3 

AM2965DMB 

AM2966DMB 

D-20 

M 

B-3 

AM2965FM 

AM2966FM 

F-20 

M 

C-3 

AM2965FMB 

AM2966FMB 

F-20 

M 

B-3 

AM2965XC 

AM2966XC 

Dice 

c I 

Visual inspection 
to MIL-STD-883 

AM2965XM 

AM2966XM 

Dice 

M I 

Method 201 OB. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flatpak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless othewise specified. 

2. C = 0 to 70°C, Vcc = 4.50V to 5.50V, M = -55 to +125°C, Vcc = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 


4-78 






Ann2965 • Am2966 

Dynamic Memory Drivers 
Improve Memory Performance 

By John Mick and Roy Levy 


OVERVIEW 

The Am2965 and Am2966 are bipolar octal drivers for 16K and 
64K dynamic RAMs. The devices offer a guaranteed maximum 
undershoot of -0.5V without requiring external resistors. The 
Am2965 and Am2966 feature a tpp minimum and maximum 
specified at 50pF and 500pF. The Vqh 'S guaranteed at Vqq 
-1.15V minimum, and Iqh and Iql are specified at +2.0V for 
minimum guarantee of charging capacitance. There are glitch- 
free three-state outputs during power-up and power-down as well 
as symmetrical, controlled rise time and fall time. 

While the Am2965 and Am2966 have low-power Schottky input 
characteristics and are pin-compatible replacement for design 
using the ’S240 and ’S244 (plus external resistors), the 
Am2965/2966 offer improved performance. The cost of the com¬ 
ponents is also comparable to Schottky buffer/external resistor 
systems. 

To assure product quality, the Am2965 and Am2966 are specified 
for COM’L and MIL-STD-883. 

INTRODUCTION 

In the past, memory system designers have used Schottky de¬ 
vices such as the Am74S240 or Am74S244 to drive the highly 
capacitive inputs of MOS Dynamic RAMs. However, because of 
the distributed inductance and distributed capacitance as¬ 
sociated with many dynamic RAMs on printed circuit board, re¬ 
sistors are usually placed in series with the Schottky TTL outputs 
to minimize undershoot and dampen the ringing that occurs when 
driving the inductive/capacitive load. 

To achieve maximum performance in today’s memory systems, 
the designer should use the Am2965 or the Am2966 to drive large 
arrays of MOS Dynamic RAMs. These devices increase system 
speed by providing high-capacity drive and optimizing the drive 
characteristic time constant. They provide a new system solution 
for solving these problems that eliminates the external resistor 
and guarantees the maximum undershoot will not exceed -0.5V. 

The address lines on mo st dynamic R AMs are specif ied at 5pF 
maximum while the RAS, write enable (WE) and CAS inputs can 
be as high as lOpF. Thus the RAM driver’s output must drive 
extremely high capacitive levels with good speed and without 
undershoot. When several dynamic RAMs are put onto a printed 
circuit board, the traces look inductive, so the result resembles a 
transmission line with distributed inductance and capacitance. 

More than 0.5V of undershoot at the RAM inputs can create 
serious memory system problems by causing internal breakdown 
and loss of data In RAM chips and possibly damaging the RAM. 

System designers must also maintain voltage levels at the RAM 
inp uts. S peci ficati ons require the data lines to exceed 2.4V, and 
the RAS and CAS lines actually have to exceed 2.7V. Speed must 
then be maintained while driving all of that capacity. 


THE RAM DRIVING PROBLEM 

The situation can be pinpointed to an inductor/capacitance driv¬ 
ing problem (Figure la). There is some inductance in series with 
the capacitance associated with each RAM input. In a simplified 
circuit, the inductance is being driven from a voltage having 
source impedance marked as Rs on Figure 1 b. If the transition is 
LOW-to-HIGH, the voltage goes from LOW-to-HIGH with ringing 
at the HIGH state (Figure 2). Only above the 2.7V or 2.4V levels, 
depending upon the type of input, can a steady-state HIGH level 
be guaranteed on the RAM input. The rise time of the signal is a 
design consideration, recognizing the amount of capacitance 
being driven. 

Conversely, when the signal drops from HIGH-to-LOW again, 
ringing can occur. If the ringing causes the voltage to go below 
ground, it is called undershoot. Figure 3a shows the signal falling 
to zero volts more quickly than the signal in Fig. 3b, resulting in a 
severe undershoot that takes longer to settle at the LOW steady 
state voltage. This delay time associated with the RC time con¬ 
stant is independent of the specification for the HIGH-to-LOW 
propagation delay time, tp^L- It is a hidden delay that must be 
compensated for. 


VOLTAGE SWING CONSIDERATIONS 

Recognizing that some ringing will occur, the system designer 
must determine how quickly the signal can be stabilized within the 
threshold limits of 0.5V below ground and 0.8V above ground. 
The best way to predict what happens with overshoot and under¬ 
shoot is to examine the method of driving RAMs. Typically, it is 
done using one of several Schottky TTL devices connected di¬ 
rectly to the RAM. Figure 4a shows an output transistor/resistor 
structure of a Schottky TTL device. When Qi is off and Q 2 is on, 
the LOW source impedance is about 3 ohms. When Q 2 is off and 
Q-j is on, the HIGH impedance is that of the Qi transistor and the 
short circuit R-j. Ri typically represents about 30-ohm source 
impedance, so that the source impedance HIGH and source 
impedance LOW represent a 10-to-1 difference with respect to 
each other (Figure 4b). 

Other TTL devices can be driven in this way, but it is unacceptable 
for driving RAMs with this type of source impedance for several 
reasons. First, low source impedance in the LOW states causes 
ringing by turning on so fast that undershoot results at the RAM 
inputs. The impedance, however, drives well in the HIGH state. 
However, to solve the HIGH-to-LOW transition and undershoot 
problems a resistor is usually placed in series externally between 
the Schottky TTL gate and the RAM (Figure 4c). The resistor, of 
about 30 ohms, virtually eliminates undershoot by raising the 
source impedance in the LOW state to 33 ohms (Qi plus R 2 ). 
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PCB INDUCTANCE 
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- RAM INPUT CAPACITANCE 


Objective: Drive the load 

• Avoid undershoot 

• At MOS voltage levels 

• Faster than Schottky 

a) The RAM Driver Interface 



Vs = the signal driving the chip 

Rs = the output resistance of the driving source 

Ly/v = the inductance of the circuit wiring between driving source and memory 
C|y/| = input capacitance of memory chip 

Vm = input signal to memory and voltage developed across capacitor 

b) Model of Circuit Driving a Memory Chip 


Figure 1. 



Figure 2. Overshoot in a Rising Signal 
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Figure 3. Undershoot in Falling Signals 


When the HIGH state is turned on, the 30-ohm external resistor 
added to the 30-ohm terminal resistor in series totals 60 ohms of 
source impedance - an amount double of what is needed. While 
adding the external resistor in series solves undershoot, it causes 
the rise time (i.e., LOW-to-HIGH transition) to be slowed consid¬ 
erably - probably by a factor of two because resistance is dou¬ 
bled, so the RC time constant is doubled. 

The Ideal RAM driver source impedance is about 30 ohms in the 
HIGH state and 20 to 30 ohms in the LOW state (Figure 4d). The 
Am2965/2966 achieves the ideal RAM driver configuration by 
having approximately a 20- to 25-ohm source impedance In the 
LOW state and 25- to 30-ohm source impedance in the HIGH 
state. This ideal configuration is achieved by including a resistor 
(R 2 ) inside the Am2965/66 in series with the collector of Q 2 . R 2 
adds approximately a 15- to 20-ohm series resistance that has a 
source impedance In the LOW state of about 20 to 25 ohms and 
a source Impedance in the HIGH state of about 25 to 30 ohms. 


Remember, these figures are very nearly what was previously 
defined as the ideal RAM driver. What results is R-j + Qi equiva¬ 
lent resistance In the HIGH state and R 2 + Q 2 resistance in the 
LOW state. The AMD family of RAM driver parts places the 
resistor inside and only increases the source impedance in the 
LOW state to achieve the ideal RAM driver configuration shown in 
Figures 4d and 4e. Now no resistor is needed outside the RAM 
driver as is typically used with today’s Schottky devices. 

APPLICATION 

Figures 5a and 5b show typical overall memory subsystems for 
AmZSOOO and 2900 Family CPUs. The subsystems consist of the 
RAM drivers surrounding the RAMs almost directly; a dynamic 
memory controller; and Interface, timing and controls required to 
drive the RAMS. There may also be an error detection and 
correction device as the figure shows. 
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the objective of the memory subsystem is to drive the capacitive 
RAM inputs as rapidly as possible while meeting all the require¬ 
ments for the undershoot and threshold levels. Figure 6 shows 
typical locations for RAM drivers to achieve this goal. Since a 
majority of the propagation delay times is an RC consideration, 
design flexibility allows the number of RAM input loads to be 
chosen for each RAM driver output. The best tradeoff includes 
fan-out choice and skew consideration. The skew specification 
for the Am2965 and Am2966 applies across the eight driver 
outputs but not between different devices. 

The memory configuration of Figure 6 consists of an array of four 
rows by 16 columns of dynamic RAM chips for a total of 64 
devices (Figure 7). The address drivers in Figure 6 have 16 x 4 x 
5pF maximum = 320 pF (ignoring board capacitance) loading If 
one RAM driver drives all 64 RAM address inputs. Splitting this 
load with two RAM drivers reduces the capacitive load for each to 
160pF and typically reduces the tpp by 6 to Snsec. 

One of the unique aspects of t he de sign in Figure 7 is the bal¬ 
anced number of loads on the RAS outputs of the RAM drivers 
and the number on loads of the CAS outputs of the RAM drivers. 


Each driver dr ives t he same number of RAMs. To balance the 
CAS line, the CAS inputs of four of th e eigh t bu ffers are tied 
together on the RAM d river. Eac h RA M RAS and CAS input is 
lOpF maximum, so th e RAS and CAS loading is 160pF at each 
RAM driver. The CAS inputs of each row are spread across four 
outputs to match the RAS loading and are sho wn us ing the same 
drive r to reduce skew between the RAS and the CAS sign als. The 
WE inputs are organized into upper and lower byte WE drive for 
each of the four rows. This amounts to 8 inputs x 10pF maximum 
= 80pF loading. By fanning out a full driver to the WE lines, four 
inputs are tied in parallel, balanced loading on the outputs are 
maintained. 

If a full error detection and correction scheme shown in Figure 5 is 
used, all 22 bits in the row must be written simultaneously so a 
slightly different WE configuration would be used. 



a) Schottky Output 


b) Source impedance for c) Am74S240 Common Approach 

Schottky Output 




d) Ideal RAM Driver 


e) Ideal RAM Driver Output 


Figure 4. RAM Drivers vs. Schottky Output 
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b) MOS Microcomputer Memory System 


Figure 5. Overall Memory Subsystems for the Am2900 and AmZSOOO Family CPUs 
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DESIGN ADVANTAGES OF THE Am2965/2966 

Compared with Schottky parts such as the Am74S240 or 
Am74S244, which are used as RAM drivers today, the 
Am2965/66 RAM drivers offer more advantages than just a RAM 
driver having no external source resistor. 

First, as Figure 8a shows, propagation delays for the Schottky 
Am74S240 or Am74S244 are measured at 1.5V, which is not 
where the RAM thresholds are. They are at 0.8V, 2.4V and 2.7V 
as shown In Figure 8b. 

On the Am2965 and Am2966, the LOW-to-HIGH transition volt¬ 
age propagation delay speeds are measured at 2.7V. Going from 


HIGH-to-LOW, speed Is measured at 0.8V, which is where the 
actual RAM thresholds are. 

Propagation delays are specified differently, which also makes 
the Am2965/66 unique (Figure 9). Both minimum and maximum 
propagation delays are specified at 25“C and 5V. This enables 
the design engineer to do a worst-case design using both 
minimum and maximum numbers for the drivers to determine the 
skew between various drivers. A specified tpQ minimum of 50pF 
and an unusual maximum of 500pF provide a full range of 
capacitance specifications for both LOW-to-HIGH and HIGH-to- 
LOW transitions. 






Figure 8. Am2965/66 • AmZ8165/66 Comparison with Am74S240 
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tpLH “ 


a) tpLH tor VoH = 2.7 Volts vs. Cl 



tpHL - ns 


b) tpHL tor VoL = 0.8 Volts vs. Cl 



tpw ~ 200n8 

c) Output Drive Levels 


Figure 9. RAM Driver Propagation Delays 
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Am2968 

Dynamic Meinory Caniroller 


DISTINCTIVE CHARACTERISTICS 

• Provides control for 16K, 64K, and 256K DRAMs 

• Directly drives up to 88 DRAMs 

• HIghest-order two address bits select one of four banks 
of RAMS 

• Separate output enable for multi-channel access 
to memory 

• Chip select for easy expansion 

• Burst, distributed, or transparent refresh mode 
determined by user 

• Supports scrubbing operations and nibble-mode access 

• IMOX™ processing 

• 48-pin dual In-line package 

• 100% product assurance testing to MIL-STD-883 


FUNCTIONAL DESCRIPTION 

The Am2968 Dynamic Memory Controller is intended to be 
used with today’s high performance memory systems. It 
has two 9-bit address latches which allow the chip to be 
used with 16K, 64K, or 256K dynamic RAMs. A two-bit bank 
select latch for the two high- orde r add ress bits is provided 
to select one each of the four RAS and CAS outputs. 

In refresh mode, two counters cycle through the refresh 
addresses. Only the ROW counter is used for refresh with¬ 
out scrubbing, generating up to 512 addresses to refresh a 
512-cycle-refresh 256K DRAM. The column count er is 
used only in refresh with scrubbing . In t his mode all RAS 
outputs are generated with only one CAS output. 
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Memory Timing Controllers 


DISTINCTIVE CHARACTERISTICS 
Am2969 

• Provides complete timing control for Dynamic Memory 
Controllers 

• Complete timing control for the Am2960, Am2961 /2962 
Error Correction Circuits including scrubbing 

• Delay-line-controlled timing 

• Arbitrates between refresh and memory requests 

• Supports 128-, 256-, 512-cycle burst refresh 

• Initializes memory on power-up 

• Provides WE drive for memory array (up to 88 DRAMs) 

• IMOX™ processing 

• 48-pin DIP package 

• 100% MIL-STD-883 reliability assurance testing 

Am2970 

• Provides timing control for Dynamic Memory Controllers 

• Delay-line timing reference 

• Supports 128-, 256-, 512-cycle burst refresh 

• Arbitrates refresh and memory cycle requests 

• Performs memory initialization 

• Provides WE drive for memory array (up to 88 DRAMs) 

• IMOX processing 
24-pin 0.3" space-saving package 


FUNCTIONAL DESCRIPTION 

The Am2969/2970 are high performance memory timing 
controllers. The Am2969 is designed to provide all the con¬ 
trol signals for the Am2968 Dynamic Memory Controller 
and the existing Am2960 error detection and correction 
(EDC) unit. For memory systems not utilizing the Am2960 
EDC unit, the Am2970 will provide all the control signals for 
the Am2968 Dynamic Memory Controller. It will also reduce 
1C cost and board space. The use of a delay line with both 
the Am2969 and Am2970 provides maximum flexibility to 
the system designer as well as allowing him to achieve 
maximum performance. 

The Am2970 supports functions which are a subset of the 
Am2969. By choosing not to utilize the EDC functions, the 
Am2970 can be packaged into a 24-pin DIP. 

The Am2969 timing controller may be 
seven functional parts; 

CPU status decode - Latches status 
codes the control bits to define thet 
Configuration and timing coi^m 
which define the type of r ef.fe^^ Rcl^ 

Refresh timer 
needed, 
rbiter - Dj 
cle shoj 


the interface control signals 
lemory Controller. 

IS controller - Generates the inter¬ 
signals to the EDC units and the Multiple Bus 


ind interrupt control - Controls the timing of sig- 
the EDC unit to allow it time to correct bits in error. 




cycle is 


BSh or a read/write 


* These signals not used by Am2970. Parenthesis show signals used by Am2970. 


IMOX is a trademark of Advanced Micro Devices, Inc. 
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Am8163-Am8167 

Dynamic Memory Timing, Refresh and EDC Controllers 


DISTINCTIVE CHARACTERISTICS 

• Com plete C PU to dynamic RAM control Interface 

• RAS/MSEL/CAS Sequencer to eliminate delay lines 

• Memory request/refresh arbitration 

• Complete EDC/data path controls for Word/Byte 
read or write 

• Automatic write-back of corrected data and check bits 
when single errors are detected on any read cycle 

• Refresh interval timer independent of CPU 

• Refresh control during Single-Step or Halt modes 

• EDC error flag latches for error logging under 
software control 

• Two timing configurations support a broad range 
of processors (Z80, Z8000,8086,8088, MC68000) 


TABLE OF CONTENTS 

Functional Description .. 4-90 

Pin Description. 4-92 

Pin Connections. 4-92 

Electrical Characteristics . 4-95 

Timing Waveforms.4-96/98/99/100 

Switching Characteristics.. 4-97 

Application Diagrams.4-104 

Ordering Information.4-108 


GENERAL DESCRIPTION 

The Am8163 and Am8167 are high speed bus interface 
controllers forming an Integral part of the 8086 and 
AmZ8000* memory support chip set using dynamic MOS 
RAMs with Error Detection and Correction (EDC). The 
complete chip set includes the Am8284A and AmZ8127 
Clock Generators, the Arri2964B Dynamic Memory 
Controller, the Am2961/62 EDC Bus Buffers, the Am2960 
EDC Unit and Am2966/66 RAM Drivers. 

The Am8163 and Am816 7 pro vide all of the contro l inter¬ 
face functions including RAS/Address-MUX/CAS timing 
(without delay lines), refresh timing, memory request/ 
refresh arbitration and ail EDC enables and controls. The 
enable controls are configured for both word and byte oper¬ 
ations including the data controls for byte write with error 
correction. The Am8163/7 generates bus and operating 
mode controls for the Am8160 EDC Unit. 

The Am81 63/7 uses the AmZ 8127 oscillator output to 
generate RAS/Address MUX/CAS timing. An internal 
refresh interval timer generates the memory refresh request 
independent of the CPU to guarantee the proper refresh 
timing under all combinations of CPU and DMA memory 
requests. 


BLOCK DIAGRAM 


RAS MSEL CAS WE 


CPU 




RAS/MSEL/CAS 

DECODER 




CONTROL 



EDC 

BUS BUFFER 
CONTROL 


STATE 

GENERATOR 


MEMORY 

ERROR 

ERROR 

CYCLE 

LOGGING —- 

- INTERRUPT 

EXTEND 

CONTROL 

CONTROL 


LERR LMERR ERRA^K 


INTERR INTMERR INTACK 


*Z8000 is a trademark of Zilog. 
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SYSTEM DIAGRAM 



Am8163/67 FUNCTIONAL DESCRIPTION 

The Am8163/67 provides timing and control for Error Detection 
and Correction (EDC) using dynamic Random Access 
Memories (RAM) together with the Am2960 family of EDC 
devices. See Table 1 to determine which device (Am8163/67) 
is best suited to which processor. 

The Am2960 family provides an optimized, but also flexible 
solution to the interface between MOS microprocessors 
and dynamic MOS RAMs. 

The Am2960 performs the function of error detection and 
correction, using a modification of the well-known Hamming 
Code algorithm. 

The Am2961 and Am2962 are bus buffers optimized for opera¬ 
tion with the Am2960. 


TABLE 1. 


Processor 

Am8163 

Am8167 

Z80A 

X 


Z80B 

A X 


Z8000 - 4MH2 

X 


- 6MHz 


X 

- 8MHz 

X 

X 

8086 - 5MHz 

X 


- 10MHz 


X 

8088 - 5MHz 

X 


- 10MHz 


X 

68000 - 4MHz 

X 


- 6MHz 


X 

- 8MHz 

X 

X 

- 10MHz 

X 

X 

- 12MHz 

X 

X 


Note: Where X’s appear in both columns either device 
may be used. 


The Am2964B performs address latching and multiplexing for 
the RAS/CAS sequence. It also contains a refresh counter that 
can be multiplexed onto the address outputs. 

The Am2965 and Am2966 are octal memory address bus dri¬ 
vers, similar and pin compatible to the popular 74LS240 and 
74LS244, but with on-chip resistors that reduce the problem of 
undershoot on unterminated address lines. 

None of the above mentioned circuits contain timing elements. 
To achieve the greatest versatility, this function is concentrated 
intheAm8163. 

The Am8163/67 performs two Independent functions: 

1. It provides timing and control to the Am2964B Dynamic 
Memory Controller, i.e. the RAS/CAS Refresh address 
multiplexer. 

2. It provides timing and control for the 2960, 2961, or 2962 
EDC circuits and Interfaces with the microprocessor’s inter¬ 
rupt lines and WAIT Input. 

RAS/CAS and Refresh 

The Am8163/67 accepts several control signals from the micro¬ 
processor (BYTE/WORD, READ/WRITE, Address Strobe, Data 
Strobe, Memory/10) and a Refresh clock signal from the 
clock generator. 

From these, inputs the Am8163/67 generates control signals for 
the 2964B RAS/CAS and Refresh multiplexer. 

The LE output, when HIGH, makes the 2964B input latches 
transparent. The HIGH-to-LOW transition of LE latches address 
information Into the 2964B. 

Th e RA S oi^put is ^vated when the appropriate combination 
of STR, M/IO, and CS occur or when a refresh operation is to 
be performed. MSEL goes LOW one clock period after RAS 
went LOW. 
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CAS goes LOW a shor t specified delay after MSEL went LOW. 
RAS, MSEL and CAS go HIGH together, eight clock periods 
after BAS went LOW. The RAS/CAS timing is thus derived from 
a high frequency (16MHz clock) without any monostables or 
delay lines. 

The Am8163 and Am8167 are comparable except for the CAS 
timing sequence. 

The Am8163 timing is optimized for operation with a 4MHz 
micr oprocessor clock, derived from a 16MHz oscillator. The 
RAS to MS delay is one oscillator period (62ns) and the MS to 
CAS delay is combinatorial, 16ns minimum. 

The Am8167 timing is optimized for operation with a 5.5MHz 
micro processor clock, derived from a 22MHz oscillator. The 
RAS to MS delay Is one oscillator period (47ns) and the MS to 
CAS delay is also one oscillator period (47ns). 

Dynamic Memory Refresh 

The proper sequencing of refresh operations can be performed 
either by the CPU (transparent refresh) or by the memory 
controller (stand-alone refresh). 

Transparent refresh, as implemented in the Z80 and Z8000 
microprocessors is simple and avoids all memory contention, 
but it wastes processor time and is not fully compatible with 
DMA operation. 

“Stand-alone” refresh puts the responsibility of refresh address 
generation and timing on the memory controller. The 
Am8163/67 performs the necessary timing and access arbitra¬ 
tion. The internal refresh interval timer generates a refresh 
request after every 16 clock pulses on the RCLK refresh clock 
input (typically 1MHz). When FR (force refresh) goes LOW, 
the 16 counter is cleared and the internal refresh request 
is generated. 

Refresh requests and memory requests are synchronized inside 
the Am8163/67 where the arbiter circuit resolves potential con¬ 
flicts. If a refresh request occurs after a memory request or 
during a memory operation, this refresh request will be honored 
after the memory transaction is complete and the necessary 
additional precharge time has elapsed. 

Similarly, if a memory request occurs after a refresh request or 
during a refresh operation, this memory request will not be 
acknowledged until the refresh operation is completed and the 
necessary precharge time has elapsed. When memory and 
refresh requests occur simultaneously, the arbiter favors the 
memory request. 

Error Detection/Correction 

The other function of the Am8163/67 is timing and control for 
Error Detection and Correction using the 2960, 2961 or 2962 
circuits. 

The Am8163/67 drives the ECC Control Bus and receives 
ERROR or MULTIPLE ERROR inputs from the 2960 Error 
Detection and Correction Unit. The Am8163/67 also interfaces 
with the microcomputer interrupt structure and with the error 
logging circuitry. 

The 2960 can support two methods of error correction, “Correct 
Only On Error” and “Correct Always”. 

“Correct Only On Error” relies on the fact that error detection is 
faster than correction. Data read from the memory is fed directly 
to the processor. A read error will insert a wait state while the 
error is being corrected and data is also being written back into 
the memory. At reasonably low error rates this scheme achieves 
the highest possible throughput, but it is incompatible with all 


present microprocessors, since they sample their WAIT input 
too early in the cycle. 

The Am8163/67 implements the other scheme, “Correct Al¬ 
ways,” which is compatible with all modern microprocessors. 

This scheme allocates enough time to insure corrected data 
is sent to the CPU. Additionally the Am8163/67 allows time 
after each memory read operation, to write the corrected result 
back into the memory. This write operation, however, is exe¬ 
cuted only if there was a single error: There is no need to write 
correct data back, and it is undesireable to write the wrong result 
of a double error. 

The Am8163/67 also provides the proper control signals to 
allow byte write operation in 16-bit memory systems with 
Error Correction:The Am8163/67 automatically first performs a 
word read operation, retains the corrected unused byte in the 
2960, and then writes the comp osite word and check bits into 
the memoryl Outputs LEO, LEI, OEH, OEL and S, are respon¬ 
sible for this. 

OEL is pulsed LOW during every read operation (byte or 
word) and during a byte write operation with AO = 0 
(even address) 

OEH is pulsed LOW during every read operation (byte or 
word) and during a byte write operation with AO = 1 
(odd address) 

OEBW is pulsed LOW during every read operation 

OEBL is pulsed LOW during every read operation with AO = 1 
(odd address) 

OEBH is pulsed LOW during every read operation with AO = 0 
(even address) 

Note: The OE and OEB outputs interpret AO In opposite ways. 
This is consistent with 2960/61 operation. 


R/W 

B/W 

AO 

OEH 

OEL 

OEBW 

OEBH 

OEBL 

L 

L 

L 

H 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

H 

L 

H 

H 

H 

L 

H 

H 

L 

H 
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L 

H 

L 

H 

H 

L 

L 

L 

L 

L 

H 

H 

H 

H 

L 

L 

L 

H 

L 


OEBW, OEBH, and OEB L can be active (LOW) only if: 

DS = CS = LAND SUP = H 

Note that 16-bit memory with EDC must always be initialized 
with word write operations In order to allow a later byte write 
operation. (An uninitialized memory would most likely read 
multiple errors and would then not allow byte write operation). 

Error Interrupt Control _ _ 

The Am8163/67 clocks in the ERROR and MULTIPLE ERROR 
signals coming from the 2960 and stores them In both the 
Interrupt Logic and in the Error Control Logic. 

Interrupt Acknowledge clears both INTERR and INTMERR. The 
latter must therefore always be the higher priority interrupt. 

The Error Logic Control circuit latches up the two bits in the Error 
Interrupt C ontrol circ uit. The LERR and LMERR outputs are 
cleared by ERRACK, provided that the Interrupts have been 
cleared first. These signals are normally used to control 
updating of the syndrome latch or other diagnostic circuitry. 
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CONNECTION DIAGRAM 
Top View 


LEO CZ 

1 • 
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LEI CZ 

2 
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38 

OEH d 
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37 
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Note: Pin 1 is marked for orientation. 


FUNCTIONAL PIN DESCRIPTION 

BUS CONTROL 

CLK CLOCK (input) 

The CLK input determines memory cycle timing via 
the internal state machine from which the control 
outputs are derived. It Is normally 16MHz for the 
Am8163 and 22MHz for the Am8167. The clock can 
run at lower frequencies but not higher because of 
other memory timing constraints. 

RCLK REFRESH CLOCK (input) 

This input determines the period of the internal 
refresh interval 16 timer and is normally 1MHz. 
This results in a refresh cycle every 16 micro¬ 
seconds. This provides an internal refresh request 
to guarantee valid memory data independent of 
other system operating modes, (memory request, 
DMA, etc.). 

FR FORCE REFRESH (Input) 

FR is used to force a refresh cycle at user desig¬ 
nated times. One example is transparent refresh 
during I/O operations. The refresh interval 
timer is reset so the next te^fresh occurs 
I^RCLK cycles later if no other FR pulses occur. 
FR can be used to minimize collisions with memory 
requests, thereby reducing the amount of time the 
CPU waits for refresh. 

XA^ TRANSFER ACKNOWLEDGE 

(output, open collector) 

This active LOW output indicates that corrected 
data has been latched in the Am8160 EDC output 
latch (as opposed to indicating data is valid on the 
system bus). 


AACK ADVANCED ACKNOWLEDGE 

(output, open collector) 

This active LOW output indicates that a memory ac¬ 
cess has started. It can be used to run without wait 
states when the memory system timing is syri- 
chronous with the CPU clock. M ultibus or asyn¬ 
chronous configuration should use XACK to control 
the CPU Ready input. 

SOP suppress (Input) 

This active LOW input inhibits access to the RAM in 
memory access protected systems. It mu^be valid 
before the HIGH-to-LOW transition of DS to sup¬ 
press a r ead c ycle. It must remain valid until after 
the cycle (RAS). This is required bec ause SUP sim- 
ply i nhibits W E on a write and inhibits OEBH, OEBL, 
and OEBW on a read, without halting the internal 
state generator. 

^ DATA STROBE (input) 

This active LOW i n put is used during read cycles 
to generate OEBL, OEBH and OEBW. These sig¬ 
nals control when data is enabled onto the system 
data bus. 

AO ADDRESS BIT 0 (input) 

AO data input is latched internally on the LOW-to- 
HIGH transition of AS. It is used during byte opera¬ 
tions to designate whether high byte or low byte 
data is being accessed. 

AO = LOW for high byte operations and AO = HIGH 
for low byte operations with the AmZ8000 Family 
CPU’s. AO phasing Is opposite for 8086 and inver¬ 
sion can be a voide d by i nterc hangin g the roles of 
OEL and OEH (and OEBL and OEBH). 

AS ADDRESS STROBE (Input) 

The AS input is used to control the AO latch. When 
HIGH, AO data is latched. For non-multiplexed 
buses, the AS input is tied LOW to make the latch 
transparent. 

B/W BYTE/WORD (Input) 

This input designates a byte operation if HIGH and 
a word operation If LOW. It must be valid throughout 
the memory trans actio n. T he Am 8163/7 uses this 
input to determine OEH and OEL. 

R/W READ/WRITE (input) 

This input indicates a read operation when HIGH 
and a write operation when LOW. It must be valid 
throughout the memory transaction. Th e Am8163/7 
uses this input to determine the outputs OEH, OEL, 
OEBH, OEBL, and OEBW. 

M/iO MEMORY/INPUT-OUTPUT (Input) 

This signal serves as an active HIGH chip select for 
memory operations. It is used in conjunction with 
CS to determine if STR is valid. It mus t be HIGH 
befo re the LOW-to-HIGH transition of STR if the 
STR input command is a pulse (AmZ8000). Wh^ 
using a level input (multibus) to start the cycle, M/IO 
must become valid no later than o ne cl ock period 
after the HIGH-to-LOW transition of STR. 

^ CHIP SELECT (input) 

This active LOW input is one of the enables for the 
Am8163/7. It must be LOW before the LOW-to- 
HIGH transition of STR when using a pulse to start a 
memory access. When using a level input to start 
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the cycle, CS must become valid no later than one 
cl ock period after the HIGH-to-LOW transition 
of SIR. 

STR START (Input) 

This active LOW input can be a pulse or a level. It is 
used to indicate when memory access is requested. 
It must not extend past the LOW-to-HIGH transition 
of DS. 


ADDRESS CONTROL 

LE LATCH ENABLE (output) 

This output controls the LATCH ENABLE input of 
the Dynamic Memory Controller. When LE is HIGH 
the DMC address input latch is transparent. When 
LE is LOW the address is latched. This signal is AS 
inverted. 

REFRESH (output) 

This active LOW output indicates a refresh opera¬ 
tion is to be done. The Dynamic Memory Controller 
uses this signal to select the refresh address output. 

^ ROW ADDRESS STROBE (output) 

This active LOW o utput strobes the row address 
into memory. Th e RA S HIGH-to-LOW transition 
occurs during to if STR, M/IO an d CS have selected 
a memory cycle. A ddition ally, RAS will be active 
one t-state after the RFSH HI GH-to -LOW transition 
occurs during refresh. The RAS LOW-to-HIGH 
transition a t the end of each cycie starts an inter¬ 
nally timed RAS precharge time consisting of three 
t-states. 

MSEL MULTIPLEXER SELECT (output) 

This output controls the row and column address 
^ selection in the DMC. When MSEL is HIGH, the row 
address is selected and when LOW, the column ad¬ 
dress is selected. MSEL is normally HIGH and goes 
LOW only during memory accesses. 


CAS COLUMN ADDRESS STROBE (output) 

This active LOW output strobes the column address 
into memory. It is generated only during memory 
accesses. 


ERROR LOGGING AND CONTROL 

il^ ERROR (input) 

This active LOW signai from the Am8160 EDC indi¬ 
cates when an error has occurred. The Am8163 
samples thi s inp ut just before the HIGH-to-LOW 
transition of LEO. Single errors cause an automatic 
write-back of corrected data. 

MERR MULTIPLE ERROR (input) 

this active LOW signal from the EDC indicates 
when a multiple error h as occurred. Write b ack to 
memory is inhibited if a MULTIPLE ERROR occurs 
on a read cycle. 

LERR LATCHED ERROR (output) 

Thi s acti ve HIGH output is set HIGH as a result qf 

the ERR input becoming active. LERR HIGH indi¬ 
cates an error has occurred. LERR is nor mally used 
to control error logging. It is reset when ERRACK 
goes LOW. 

LMERR LATCHED MULTIPLE ERROR (output) 

This active H IGH output is set HIGH as a result 
of the MERR input. When HIGH, it indicates a multi¬ 


ple error has occurred. It is reset when ERRACK 
goes low. 

INTERR INTERRUPt ERROR (output, open collector) 

This active LOW output is used to interrupt the CPU 
when an error occurs. T his can be used for 
diagnostics or error logging. INTERR has high out¬ 
put drive capability in order to drive system buses. 

INTMERR INTERRUPT MULTIPLE ERROR 
(output, open collector) 

This active LOW output |s used to interrupt the CPU 
when a multiple error occurs. This can b e used for 
diagnostics or error logging. INTMERR has high 
output drive capability in order to drive system 
buses. 

INTACK INTERRUPT ACKNOWLEDGE (input)_ 

This active LOW input resets both the INTERR and 
INTMERR signals. 

ERRACK ERROR ACKNOWLEDGE (input) 

This active LOW input resets the error logging flags, 
LERR a nd LMERR. It is only effective when 
INTACK has previously cleared the Interrupt 
flags, INTERR and INTMERR. 

EDC CONTROL 

LeB latch ENABLE BUS (output) 

LEB is used to latch corrected data in the external 
Am8161/2 EDC Data Bus Buffers. By latching data 
output to the system data bus, the CPU can be op¬ 
erated in a single-step mode. The data latch is 
required to capture data so the memory can 
be released for refresh immediately after a read 
(or write) cycle. 

LEO LATCH ENABLE OUTPUT (output) 

LEO is used to latch corrected data In the Am8160 
EDC data output latch. Correct data is then avail¬ 
able to regenerate correct check bits for the write 
portion of the read-modify-write cycle. LEO can 
also control LEY of the Am8161/2 EDC Data Bus 
Buffers (the input latch from the system data bus). 
This is required in systems where the CPU removes 
data from the system data bus before the Am8163/7 
has completed a write cycle. 

LEi LATCH ENABLE INPUT (output) 

LEI is used to control the Am8160 EDC’s input latch. 
It is normally LOW when a memory cycle is not in 
progress. This prevents transitions on the bus from 
toggling the EDC logic, thereby reducing power dis¬ 
sipation and system noise. LEI latches the input 
data so the EDC data bus (Y bus) can be TURNED 
AROUND WHILE the EDC is correcting the data. 
Cycle time is reduced by doing these functions 
in parallel. 

S SELECT (output) 

This output controls the multiplexer that selects 
EDC input data. It is normally HIGH to select data 
from the system bus. When LOW it selects data 
from memory. Since all cycles are a read-modify- 
wrltes, S switches every cycle. All memory opera¬ 
tions take the same number of internal t-states. 
There is no difference in the length of a cycle on 
read or write, error or no error. 
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OEBH 


OEBL 


OEBW 


OEH 


OEL 


FUNCTION TABLES 

Am8163/8167 


OEH and OEL are enabled by 
appropriate sequencer “T” states. 
(See Timing diagram) ^ 


MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

-65to+150°C 

Temperature (Ambient) Under Bias 

-55to+125°C 

Supply Voltage to Ground Potential 

-0.5to+7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5V to +Vcc max 

DC Input Voltage 

-0.5to+5.5V 

DC Output Current, into Outputs 

30mA 

DC Input Current 

-30to+5.0mA 


R/W 

B/W 

AO 

OEH 

OEL 

L 

L 

L 

H 

H 

L 

L 

H 

H 

H 

L 

H 

L 

H 

L 

L 

H 

H 

L 

H 

H 

L 

L 

L 

L 

H 

L 

H 

L 

L 

H 

H 

L 

L 

L 

H 


H 

L 

L 


DS 

R/W 

B/W 

AO 

OEBH 

OEBL 

OEBW 

X 

L 

L 

L 

H 

H 

H 

X 

L 

L 

H 

H 

H 

H 

X 

L 

H 

L 

H 

H 

H 

X 

L 

H 

H 

H 

H 

H 

L 

H 

L 

L 

L 

H 

L 

L 

H 

L 

H 

H 

L 

L 

L 

H 

H 

L 

L 

H 

L 

L 

H 

H 

H 

H 

L 

L 

H 

X 

X 

X 

H 

H 

H 


OUTP UT ENABLE BUS HIGH (output) 

OEBH output enables the high byte data onto the 
system data bus during byte read operations, it is 
used when interfacing to 8-bit data buses or the 
Multibus.* 

OUTP UT ENABLE BUS LOW (output) 

OEBL output enables the low byte of data onto the 
system data bus during Byte Read operations, it is 
used when interfacing to 8-bit data buses or the 
Multibus. 

OUTPU T ENABLE BUS WORD (output) 

OEBW output enables data onto the system data 
bus. Jt^ occurs on every read cycle independent 
of B/W. It is used for 16-bit systems or Multibus 
systems. 

OUTPUT ENABLE HIGH (output) 

OEH controls the h igh byte of the EDO data bus (Y 
bus). When OEH is HIGH the Am2961/62 are 
driving the bus. When OEH is LOW, the Am8l60 
EDO is driving the bus. OEH is HIGH during word 
writes and goes low on reads and byte writes. 

OUTPUT ENABLE LOW (output) 

OEL controls the low byte of the EDO data bus (Y 
bus). When HIGH, the Am2961/62’s are driving the 
bus. When LOW, the Am2960 is driving the bus. 


OEL is HIGH during word writes and goes LOW on 
reads and byte writes. 

OTHER CONTROLS 

Vi^ \^ITE ENABLE (output) 

WE controls the memory during a write operation. 
It is generated during a byte or word write and also 
during a read if a single error has occurred. WE 
always occurs at the end of the memory cycle. 
Thus, the RAM is always doing a late write. 

MEMORY CYCLE EXTEND (input) 

This input is normally not used and is pulled up in¬ 
ternally to produce “normal” timing. When tied 
LOW it extends the memory cycle (adds 512 states 
for Am8163 and adds 4 ts states for A m8167 ). This 
allows use of slower RAMs. Note that MCE affects 
the refresh cycle as well as the normal cycle. By 
adding external logic the user may extend the cycle 
by 1, 2 or 3 t-states instead. This is done by keep¬ 
ing MCE low until 2, 3, or 4 c locks after MS for the 
8163 or 2,3, or 4 clocks after CAS for the 8167. 


*Multibus Is a registered trademark of Intel 
Corporation. 
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ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless otherwise noted) 

MIL Tc=-55to+125°C Vcc = 4.50 to 5.50V 

COM’L Tc = 0to70°C Vcc = 4.75 to 5.25V 


(Group A, Subgroups 1,2 and 3) jyp 

Parameters Description Test Conditions Min (Note 2) Max Units 


VOH 

Output HIGH Voltage 

Vcc = Min 

V|N = V|H orViL 

Output(s): 

All except open collectors 

MIL. Iqh = - 10mA 

2.4 



Volts 

COM’L, Iqh = -2.6mA 

2.4 



VoL 

Output LOW Voltage 

Vcc = Min 

V|N = V|H orViL 

Output(s): 

LERR, LMERR 

•OL = 



0.50 

Volts 

C^. OEBH, OEBL 

Iql = 12mA 



0.50 

OEH. OEL, OEBW, RFSH 

lOL = 12mA 



0.50 

LEO, LEI, WE 

Iql = 12mA 



0.50 

LEB, LE, S. MSEL 

Iql = 12mA 



0.50 

INTMERR, INTERR 

Iql = 16mA 



0.50 

X^,AA^ 

Iql = 32mA 



0.50 

V|H 

Guaranteed Input 
Logical HIGH Voltage 


Input(s): All 


2.0 



Volts 

V|L 

Guaranteed Input 
Logical LOW Voltage 


Input(s): Alt 

MIL 



0.7 

Volts 

COM’L 



0.8 

V| 

Input Clamp Voltage 

Vcc = Min 

Input(s): All 

I|N = -18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = Max 

ViN = 0.5V 

Input(s): 

AO, M/to, RCLK, B/W, R/W, 
STR, AS. INTACK 

MIL 



-0.42 

mA 

COM’L 



-0.40 


MIL 



-0.82 

mA 


COM’L 



-0.8 

CLK, CS. DS, ERR 

MIL 



-2.1 

mA 

COM’L 



-2.0 

ME^ 

MIL 



-2.6 

mA 

COM’L 



-2.4 

l|H 

Input HIGH Current 

Vcc = Max 

V,N = 2.7V 

Input(s): 

MIL 



100 

mA 

MERR 

COM’L 



70 

CLK, CS, DS. ERR 

MIL 



70 


COM’L 



50 

FR, SUP, MCE. ERRACK 




40 

IxA 

M/iO,A0, RCLK. B/W, R/W 




20 

AS, STR. INTACK 




20 

l| 

Input HIGH Current 

Vcc = Max 

V|N = 5.5V 

Input(s): 

CLK, CS, DS. ERR, MERR 




1.0 

mA 

SUP, ^,FR 




1.0 

Vcc = Max 

V|N = 7.0V 

M/iO, AO, RCLK, B/W, R/W 
INTACK.AS.STR 




0.10 

ERRACK 




0.20 

Iqh 

Output HIGH Current 

Vcc = Min 

VoH = 5.5V 

Output(s): 

INTMERR. INTERR 




100 

juA 

X^.AACK 




150 

•os 

Output Short Circuit 
Current 

Vcc = Max +0.5V 
Vo = 0.5V 

Output(s): All (Note 3) 

1 

-15 


-85 

mA 

•cc 

Power Supply Current 

8163 

25°C, 5V 



280 


mA 

0 to 70°C 

COM’L 

— 


365 

mA 

8167 

0to70°C 



390 

mA 

8163 

-55to+125°C 

MIL 



385 

mA 

8167 

-55to+125°C 



420 

mA 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Parameters Description 

Ta = +25X 

Vcc = 5.0V 

Min Typ Max 

Units 

1 

ts 

M/IOt or CSi to CLK Setup Time 

0 

-4 


ns 

2 

tH 

M/iOi or CSt to Hold Time 

0 

-10 


ns 

3 

ts 

FRi to CLK Setup Time 

5 

2 


ns 

4 

tpWL 

FR LOW Pulse Width 

tp + 5 

tp + 2 


ns 

5 

tPLH 

ASi to LET Propagation Delay 


12 

18 

ns 

6 

tpHL 

ASf to LEi Propagation Delay 


12 

18 

ns 

7 


AO to ASt Setup Time 

1 

0 


ns 

8 

tH 

AO to Hold Time 

9 

5 


ns 

9 

tpWL 

AS, STR LOW Pulse Width 

20 

9 


ns 

10 

ts 

M/lOf or CSi to STRt Setup Time 

2 

0 


ns 

11 

ts 

CSi to STRi Setup Time 

-tp 

-(tp + 10) 


ns 

12 

ts 

STRi to CLK Setup Time 

10 

6 


ns 

13 

tpHL 

CLK to RASi Propagation Delay 


36 

41 

ns 

14 

tpLH 

CLK to RASt Propagation Delay 


26 

34 

ns 

15 

tpHL 

CLK to MSELi Propagation Delay 


17 

22 

ns 

16 

tpLH 

CLK to MSELt Propagation Delay 


21 

26 

ns 

17a 

tpHL 

MSELi toCASi Propagation Delay - 8163 

18 

23 


ns 

17b 

tpHL 

CLKtoCASi Propagation Delay - 8167 


17 

22 

ns 

18a 

tpLH 

CLKtoCASt Propagation Delay - 8163 


34 

43 

ns 

18b 

tPLH 

CLKtoCASt Propagation Delay - 8167 


21 

26 

ns 

19 

tPLH 

STRi to AACKt Propagation Delay 


30 

35 

ns 

20 

tpHL 

CLK to AACK i Propagation Delay 


33 

41 

ns 

21 

tpHL 

CLK to WEi Propagation Delay 


17 

22 

ns 

22 

tpLH 

CLK to WEt Propagation Delay 


20 

26 

ns 

23 

tpHL 

CLK to Si Propagation Delay 


16 

22 

ns 

24a 

tpLH 

LEIi to St Propagation Delay - 8163 

1.0 

3.0 


ns 

24b 

tpLH 

CLK to St Propagation Delay - 8167 


21 

26 

ns 

25 

tpLH 

CLK to LEIt Propagation Delay 


20 

26 

ns 

26 

tpHL 

CLK to LEIi Propagation Delay 


17 

22 

ns 

27 

tpLH 

LEOi to LEIt Propagation Delay 

15 

20 


ns 

28a 

tpHL 

LEIi to OEHi, OELi Propagation Delay - 8163 

4.5 

7.0 


ns 

28b 

tpHL 

CLK to OEHi, OELi Propagation Delay - 8167 


24 

30 

ns 

29 

tPLH 

CLK to OEHt, OELt Propagation Delay 


24 

30 

ns 

30 

ts 

R/W, B/W to DSi Setup Time 

0 

-1.5 


ns 

31 

tH 

R/W, B/W to WEt Hold Time 

0 

-10 


ns 

32 

tpHL 

CLK to LEOi Propagation Delay 


15 

21 

ns 

33 

tpLH 

CLK to LEOt Propagation Delay 


21 

26 

ns 

34 

tpLH 

CLK to LEBt Propagation Delay 


21 

26 

ns 

35 

tpHL 

CLK to LEBi Propagation Delay 


24 

30 

ns 

36 

tpHL 

CLK to XACKt Propagation Delay 


29 

36 

ns 

37 

tpLH 

DSt to XACKt Propagation Delay 


24 

30 

ns 

38 

tpHL 

DSi to OEBLi, OEBHi, OEBWi Propagation Delay 


13 

18 

ns 

39 

tpLH 

DSt to OEBLt, OEBHt, OEBWt Propagation Delay 


13 

18 

ns 

40 

ts 

ERR, ME^ to LEOi Setup Time 

1.5 

0 


ns 

41 

tH 

ERR, MERR to LEOi Hold Time 

6.5 

4 


ns 

42 

tpHL 

LEOi to INTERRi, INTMERRi Propagation Delay 


19 

24 

ns 

43 

tpLH 

INTACKi to INTERRt, INTMERRt Propagation Delay 


23 

30 

ns 
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Parameters Description 

Ta = +25*0 

Vcc = 5.0V 

Min Typ Max 

Units 

44 

tPLH 

LEOi to LERRt, LMERRf Propagation Delay 


30 

39 

ns 

45 

tpHL 

ERRACKi to LERRi, LMERRi Propagation Delay 


9 

14 

ns 

46 

IPWL 

INTACK LOW Pulse Width 

20 

9 


ns 

47 

tpWL 

ERRACK LOW Pulse Width 

20 

9 


ns 

48 


SUPi to DSi Setup Time 

0 

-5 


ns 

49 

tH 

WET to SUPt Hold Time 

0 

-10 


ns 

50 

tpHL 

CLK to RFSHI Propagation Delay 


16 

21 

ns 

51a 

tpWL 

RFSH LOW Pulse Width (MCE = HIGH) - 8163 


4tp 



51b 

tpWL 

RFSH LOW Pulse Width = HIGH) - 8167 


5tp 



52a 

tpWL 

RAS LOW Pulse Width During Refresh 
(MCE = HIGH)- 8163 


3tp 



52b 

tpWL 

RAS LOW Pulse Width During Refresh 
(MCE = HIGH) - 8167 


4tp 



53a 

tpWL 

RFSH LOW Pulse Width (MCE = LOW) - 8163 


7tp 



53b 

tpWL 

RF^ LOW Pulse Width (M^ = LOW) - 8167 


9tp 



54a 

tpWL 

RAS LOW Pulse Width During Refresh 
(MCE = LOW) - 8163 


6tp 



54b 

tpWL 

RAS LOW Pulse Width During Refresh 
(MCE = LOW) - 8167 


8tp 



55a 

tosc 

CLK Frequency - 8163 



16 

MHz 

55b 

^osc i 

CLK Frequency - 8167 



22 

MHz 


lagf = HIGH 


MCE = LOW 


AB1-059 
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Am8163/67 SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Parameters Description 

COM’L 

MIL 

Units 

TA = 0to+70'»C 

Vcc = 5.0V ± 5% 

Min Max 

TA = -55tQ-l-125‘»C 

Vcc = 5.0V ± 10% 

Min Max 

1 

ts 

M/iOt or to CLK Setup Time 

5 


5 


ns 

2 

tH 

M/iOi or to R^T Hold Time 

5 


5 


ns 

3 

% 

to CLK Setup Time 

9 


9 


ns 

4 

tpWL 

fR LOW Pulse Width 

tp + 10 


tp + 10 


ns 

5 

tpLH 

ASi to LEt Propagation Delay 


22 


22 

ns 

6 

tpHL 

ASt to LEi Propagation Delay 


22 


22 

ns 

7 

ts 

AO to Setup Time 

1.5 


1.5 


ns 

8 

tH 

AO to Hold Time 

10 


10 


ns 


tpWL 

AS, STR LOW Pulse Width 

20 


20 


ns 

10 

ts 

M/iOt or CS| to STRt Setup Time 

5 


5 


ns 

11 

ts 

CSi to STRi Setup Time 

-tp 


-tp 


ns 

12 

ts 

STRi to CLK Setup Time 

10 


12 


ns 

13 

tpHL 

CLK to RASi Propagation Delay 


45 


45 

ns 

14 

tpLH 

CLK to RASj Propagation Delay 


40 


40 

ns 

15 

tpHL 

CLK to MSELi Propagation Delay 


25 


25 

ns 

16 

tpLH 

CLK to MSELf Propagation Delay 


30 


30 

ns 

17a 

tpHL 

MSELi toCASi Propagation Delay-8163 

16 


16 


ns 

17b 

tpHL 

CLK to CASi Propagation Delay-8167 


25 


25 

ns 

18a 

tpLH 

CLK to CASt Propagation Delay-8163 


50 


50 

ns 

18b 

tpLH 

CLK to CASt Propagation Delay - 8167 


30 


30 

ns 

19 

tpLH 

STRi to AACKt Propagation Delay 


40 


40 

ns 

20 

tpHL 

CLK to AACK i Propagation Delay 


46 


46 

ns 

21 

tpHL 

CLKto WEi Propagation Delay 


25 


25 

ns 

22 

tpLH 

CLK to WEt Propagation Delay 


30 


30 

ns 

23 

tpHL 

CLK to Si Propagation Delay 


25 


25 

ns 

24a 

tpLH 

LEIi to St Propagation Delay - 8163 

0 


0 


ns 

24b 

tpLH 

CLK to St Propagation Delay - 8167 


30 


30 

ns 

25 

tpLH 

CLK to LEIt Propagation Delay 


30 


30 

ns 

26 

tpHL 

CLK to LEIi Propagation Delay 


25 


25 

ns 

27 

tpLH 

LEOi to LEIt Propagation Delay 

10 


10 


ns 

28a 

tpHL 

LEIi toOEHi, OELi Propagation Delay- 8163 

4.0 


4.0 


ns 

28b 

tpHL 

CLKtoOEHi.OEU-8167 


35 


35 

ns 

29 

tpLH 

CLK to OEHt, OELt Propagation Delay 


35 


35 

ns 

30 

ts 

R/W, B/W to DSi Setup Time 

0 


1.0 


ns 

31 

tH 

R/W, B/W to WEt Hold Time 

0 


0 


ns 

32 

tpHL 

CLK to LEOi Propagation Delay 


25 


25 

ns 

33 

tpLH 

CLK to LEOt Propagation Delay 


30 


30 

ns 

34 

tpLH 

CLK to LEBt Propagation Delay 


30 


30 

ns 

35 

tpHL 

CLK to LEBi Propagation Delay 


35 


35 

ns 

36 

tpHL 

CLK to XACKi Propagation Delay 


40 


41 

ns 

37 

tpLH 

DSt to XACKt Propagation Delay 


35 


35 

ns 

38 

tpHL 

DSi to OEBLi, OEBHi, OEBWi 

Propagation Delay 


22 


22 

. i 

ns 

39 

tpLH 

DSt to OEBLt, OEBHt. OEBWt 

Propagation Delay 


22 


22 

ns 


4-101 




Am8163 • Am8167 

Am8163/67 SWITCHING CHARACTERISTICS (Cont.) 


Parameters Description 

COM’L 

MIL 

■ 

Units 

TA = 0tO+70®C 

Vcc = 5.0V±5% 

Min Max 

Ta= -55to+125®C 

Vcc = 5.0V ± 10% 

Min Max 

40 

is 

E^, MERR to LEO! Setup Time 

2.0 


3.0 


ns 

41 

tH 

ERR, MERR to LEOi Hold Time 

8-0 


8.0 


ns 

42 

tpHL 

LEOi to INTERRi, INTMERRj 

Propagation Delay 


28 


28 

ns 

43 

tpLH 

INTACKi to INTERRt, INTMERRf 

Propagation Delay 


38 


38 

ns 

44 

tpLH 

LEOi to LERRt.LMERRt 

Propagation Delay 


46 


46 

ns 

45 

tpHL 

ERRACKi to LERRi, LMERRi 

Propagation Delay 


20 


20 

ns 

46 

tpWL 

INTACK LOW Pulse Width 

20 


20 


ns 

47 

tpWL 

ERRACK LOW Pulse Width 

20 


20 


ns 

48 

ts 

SUPi to DSi Setup Time 

5 


5 


ns 

49 

tH 

WEt to Hold Time 

5 


5 


ns 

50 

tpHL 

CLK to RFSHi Propagation Delay 


25 


25 

ns 

51a 

tpWL 

RFSH LOW Pulse Width 
(MCE = HIGH)-8163 

4tp-3ns 


4tp-3ns 



51b 

tpWL 

RFSH LOW Pulse Width 
(MCE = HIGH)-8167 

5tp-3ns 


5tp-3ns 



52a 

tpWL 

RAS LOW Pulse Width During Refresh 
(MCE = HIGH)-8163 

3tp-3ns 


3tp-3ns 



52b 

tpWL 

RAS LOW Pulse Width During Refresh 
(MCE = HIGH)-8167 

4tp-3ns 


4tp-3ns 



53a 

tpWL 

RFSH LOW Pulse Width 
(MCE = LOW) - 8163 

7tp-3ns 


7tp-3ns 



53b 

tpWL 

RFSH LOW Pulse Width 
(MCE = LOW) - 8167 

9tp-3ns 


9tp-3ns 



54a 

tpWL 

RAS LOW Pulse Width During Refresh 
(MCE = LOW) - 8163 

6tp-3ns 


6tp-3ns 

i 


54b 

tpWL 

RAS LOW Pulse Width During Refresh 
(MCE = LOW) - 8167 

8tp-3ns 


8tp-3ns 



55a 

tosc 

CLK Frequency - 8163 


16 


16 

MHz 

55b 

tosc 

CLK Frequency - 8167 


22 


22 

MHz 


♦AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am8163/67 TEST LOADS 


INTERR,INT MERR OTHER OUTPUTS XACT,AACK 



ABI-064 


METALLIZATION AND PAD LAYOUT 


Am8163 


Am8167 


OEBL 

OEBH 

OEBW 


.a-ac- tb e nsi 


30 GND 
29 MCE 


AACK 

24 INTACk 
INTMERR 
LMERR 
ERRACK 


5 - 


OEBL 

OEBH 

OEBW 


fc* c - □c: 'Jr:, jrri 

ilifiliis 

^nfjij-jnLXTn 


R/W 16 
INTERR 17 
LERR 18 
19 

MERR 20 


-40 WE 

- 39 MSEL 
38 W 

- 37 RAS 

- 36 RF^ 


- 35 ^ 

- 34 AS 

- 33 AO 

- 32 ^15 

- 31 CS 

- 30 GNP 

- 29 M^ 



PIE SIZE 0.185" X 0.156" 
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Am8163/67 APPLICATION WITH Am8086 CPU 
AND Am8127 CLOCK GENERATOR 



Am8163 • Am8167 











































Am8163 • Am8167 


Am8163/67 APPLICATION WITH 
MC68000 


100 100 100 100 100 100 100 100 100 

^1 "^2 ^3 Tvv Tvv Tyv Tyy Tyy T 4 T, 



•Timing refers to 10MHz MC68000. 

Note 1: M/IO may be tied HIGH or connected to an address pin. It may also be connected to an I/O port. The main consideration 
is not to start the 8163/67 when communicating with the 2960 Diagnostic Latch. 
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ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Order Number 

Package Type 

(Note 1) 

Operating Range 

(Note 2) 

Screening Level 

(Notes) 

AM8163/67DC 

D-40-1 

C 

C-1 

AM8163/67DCB 

D-40-1 

C 

B-2 (Note 4) 

AM8163/67DM 

D-40-1 

M 

C-3 

AM8163/67DMB 

D-40-1 

M 

B-3 

AM8163/67LC 

L-28-1 

C 

C-1 

AM8163/67LCB 

L-28-1 

C 

B-2 (Note 4) 

AM8163/67LM 

L-28-1 

M 

C-3 

AM8163/67LMB 

L-28-1 

M 

B-3 

AM8163/67XC 

Dice 

C 

\ Visual inspection 

1 to MIL-STD-883 

AM8163/67XM 

Dice 

M 

1 Method 2010B. 


Notes: 1. D = hermetic DIP, L = Chip-Pak. Number following letter is number of leads. 

2. C = 0 to +70°C, Vcc = 4.75 to 5.25V, M = -55 to +125°C, Vcc = 4.50 to 5.50V. 

3. Levels C-1 and C-3 conform to 


MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 
4. 160 hour burn-in. 
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Typical Systems 
Utilizing the Am2960 
Memory Support Products 
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Am8163/67 APPLICATION WITH Am8001/2 
AND Am8127 CLOCK GENERATOR 



Typical Systems 
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Am8163/67 APPLICATION WITH Am8086 CPU 
AND Am8127 CLOCK GENERATOR 


JT 



HD 


56pf 

>30011 ~ 


CLR 

4/3 

osc 

2CK 

READY 

c 

SSNO 

TCLK/2 

TCLK 

SSftC 

RESETOUT 


TIMEOUT 

RESET.R ^ 

AnOBin 

ST, 


STj 

TOEN 

ST3 


TCK/4 


_j27pF 


-o<3— 


+5V 

I 




0 

Am2964B 

(DMC) 


RAS 



H 

HU 







OEY (WGH BYTE)’ 
OEY (LOW BYTE)’ 




Typical Systems 










Am8163/67 APPLICATION 
WITH multibus* 


























Typical Systems 


Am8163/67 APPLICATION WITH 
MC68000 


AS 




DTACK 


8163 


-7 X 62.5 = 497.! 


DTACK 8167 


9x42 = 378ns 


ABI-069 



ABI-068 

♦Timing refers to 10MHz MC68000 (2 wait states with 8MHz 68000). 

Note 1: M/IO may be tied HIGH or connected to an address pin. It may also be connected to an I/O port. The main consideration 
is not to start the 8163/67 when communicating with the 2960 Diagnostic Latch. 
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Am2900 Components Continuously 
Become Faster and Faster 


MORE SPEED: NO MORE POWER 

There’s a good old tried and proven way to make faster IC’s - 
burn more power. (That’s the only real difference between “LS” 
and “S” devices). But that solution isn’t satisfactory for LSI de« 
vices like the Am2900 Family. Power Is constrained to existing 
levels for reliability reasons. 

Am2900 parts are always designed to obtain the maximum 
speed at a power level which is safe for the package types and 
operating environment of the part. To increase speeds, new 
technologies must be used to build faster components at no 
increase in power. 

NEW CIRCUIT DESIGN TECHNIQUES MAKE FASTER 
GATES 

One way to make faster components is to use new circuit de¬ 
sign techniques. The most obvious is internal ECL, which pro¬ 
vides very fast gates at similar power levels to LS TTL. The 
Am29116 reaches microcycle times of 100ns through the use Of 
internal ECL. Other design techniques, such as low-level logic 
(with very small logic swings on-chip), can also provide higher 
speeds without introducing the time penalty of ECL to TTL 
conversion. 

Finally, very low power gates used in non-critical speed paths 
make more power available for use in critical speed paths. As 
the 2900 Family develops, all these technologies will be used 
within a single component to achieve the highest speeds with¬ 
out increasing power. The Am2903A is one of the first products 
to take advantage of this mixed circuit technology. 

IMPROVED PROCESS CONTROL ALLOWS TIGHTER 
SPECS 

Today’s 2900 parts are carefully characterized over a wide 
range of voltages, temperatures, and process parameters be¬ 
fore an AC specification is published. As manufacturing 


technology Improves, the process is subject to smaller run-to- 
run variations, so that all of the product is closer to design 
nominal. This makes it possible to specify parameters more 
closely to typical without incurring large yield losses. The first 
product reflecting this is the Am2903. 

WHAT’S GOOD FOR THE GOOSE IS GOOD FOR THE 
GANDER 

Many new tools In production technology are emerging, primar¬ 
ily spurred by the emphasis on high-speed MOS memories. 
The same tools, such as projection masking, also provide for 
smaller geometries in bipolar circuits. As MOS gets faster, so 
does bipolar. The Am2901C obtains its speed improvement 
over the Am2901 B through these tools. 

PROCESS TECHNOLOGY TAKES A QUANTUM LEAP 

Current generation LSI/VLSI bipolar devices call for state-of- 
the-art processing technologies. IMOX^“ ion-implanted 
micro-oxide technology gives the Am2901C its performance 
improvement over the Am2901B. IMOX also generates incredi¬ 
ble packing densities - the Am29116 has 2500 gates on a 
single bipolar chip! 

DESIGN FOR THE FUTURE 

Every Am2900 part will undergo an evolution as new 
technologies become practical for production. Every part type 
will continuously become faster. The results are easy to ob¬ 
serve - increases in performance at no additional cost (see 
Figure 1). 

Most existing 2900 designs can be offered in higher perfor¬ 
mance versions simply by substitution of the 2901C for the 
2901B, the 2909A for the 2909, the 2903A for the 2903, and so 
forth. Your 2900 design won’t run out of speed in a few years. 
Advanced Micro Devices’ 2900 Family will serve tomorrow’s 
needs as well as today’s. 


Figure 1. Price/Performance Improvements 


Figure 2. Bipolar Speed/Density Improvements 



Am2901 FOUR-BIT MICROPROCESSOR SLICE 



DIE 

Am2901 

Am2901A 

Am2901B 

Am2901C 

SIZE ' 

33,000 MILS^ 

20,000 MILS2 

15,000 MILS2 

15,000 MILS2 

SPEED 

A, B G, P 

80ns 

65ns 

50ns 

37ns 

TECHNOLOGY 

LOW-POWER 

SCHOTTKY 

DUAL LAYER 
METAL ION- 
IMPLANTATION 

PROJECTION 

PRINTING 

ECL INTERNAL 
TTL I/O 

IMOX 


1975 

1977 

1978 

1981 


IMOX is a trademark of Advanced Micro Devices. 
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Introduction 


THREE GENERATIONS OF TTL 

Transistor-transistor logic has been the dominant technology 
for digital circuits since it was developed in the mid-1960's. 
It has proven itself to be manufacturable in high volume using 
an extremely reliable process technology. The processes used 
for TTL have evolved over the years, making components 
smaller, faster and less expensive. Relative to a TTL gate 
manufactured in 1966, a gate on a circuit manufactured today 
occupies 1/5 the area, consumes 1/10 the power, is twice as 
fast and costs less than 1/100 the price. 

The circuits built using TTL technology have gone through 
two generations; the Am2900 Family represents the beginning 
of the third. Each generation consists of circuits which are 
fundamental building blocks of systems — circuits which can 
be interconnected in many different ways to build many 
different systems. Only by producing such universal circuits 
can manufacturing volumes be high enough to generate the 
rapid cost reductions characteristic of the integrated circuit 
industry. 

The quality which distinguishes one generation from another 
is the level of integration used, and, because of the level of 
integration, the philosophy behind the circuit. 

If one draws a curve plotting the cost of an individual gate 
against the number of gates on a chip. Figure 1 results. 



Figure 1. mpr-ooi 

At the left, cost per gate is Inversely proportional to the 
number of gates on the chip. The chip Is small enough that 
it does not represent a significant portion of the cost of the 
product - it is virtually free. The cost of the product is 
composed of labor in assembly and test, the cost of processing 
an order, shipping and fixed overhead. Doubling the number of 
gates on the chip doesn't materially affect the cost so the cost 
per gate halves. As the number of gates per chip increases, the 
die begins to cost more, reversing the downward trend. As die 
cost dominates, the cost per gate remains relatively flat until 
the yield of the die begins to decline markedly. The cost per 
gate then begins to rise again. The lowest cost per gate is 
achieved at a level of integration corresponding to the flat 
region. This is the optimum level of integration. 

As technology improves, costs are constantly reduced and the 
optimum level of integration occurs at more and more gates 
per chip. 

The three curves of Figure 2 are the reason for the three 
generations of TTL. Each generation has consisted of funda¬ 
mental system building blocks designed to take advantage of 
the optimum level of Integration at the time. 



Figure 2. mpr-oo 2 

GENERATION I - SSI, 1965 

In 1965, the optimum level of integration was three-to-six 
gates per chip. Users were delighted to buy such chips at 
$10-20 each. The circuits were useful in many systems. They 
consisted of gates - the 7400, 7410, 7420 - and, pressing the 
state of the art, some flip-flops. They were fundamental 
building blocks. 

GENERATION II - MSI, 1970 

Beginning around 1968, it became economical to put more 
gates on a chip and the Industry was faced with a problem: 
How does one put 20 gates on a chip and build a universal 
building block? Clearly, one answer was to bring the Inputs 
and outputs off chip as had been done before. But that was 
the wrong answer. The right answer was to redefine funda¬ 
mental building blocks. The new building blocks fell into seven 
categories; 

• Counters 

• Decoders 

• Multiplexers 

• Operators (adders, comparators) 

• Encoders 

• Registers 

• Latches 

All systems could be defined in terms of these seven functions, 
and integrated circuits could be defined at the 20-50 gate/ 
chip level which performed these functions efficiently. This, 
of course, is MSI. Over the last six or seven years, more and 
more circuits of this type have been introduced, utilizing 
standard gold-doped technology, low-power TTL, high-speed 
TTL, Schottky TTL, and now low-power Schottky TTL 
technology. Today, there are over 250 different MSI circuits 
and new ones appear every month. But in today's technology, 
many of these circuits are not particularly cost effective. They 
are too small for today's technology and their costs are labor 
intensive. (Labor costs do not follow traditional semiconductor 
pricing patterns.) In 1977, the optimum level of integration 
for bipolar logic was around 500 gates chip. 

GENERATION III - The Am2900 Family, 1976 

At a 500-gate-per-chip level of Integration, one does not build 
counters, decoders, and multiplexers. A new definition of 
fundamental system functions was needed. Advanced 
Micro Devices has defined these eight categories: 


5-2 





Introduction 


• Data Manipulation 

• Microprogram Control 

• Macroprogram Control 

• Priority Interrupt 

• Direct Memory Access 

• I/O Control 

• Memory Control 

• Frortt Panel Control 

The Am2900 Family includes circuits designed to perform 
those functions efficiently. They are fundamental system 
building blocks; they contain hundreds of gates per chip; 
they are fast - utilizing Low-Power Schottky TTL techno¬ 
logy and AMD's proprietary IMOX^“ technology; they are 
expandable; they are flexible - useful in emulation; and 
they are driven under microprogram control. 

IMOX AND ECL - THE NEXT STEP 

Ever increasing device complexity placed greater and 
greater demands on existing process technologies. Ad¬ 
vanced Micro Devices responded to this challenge by 
introducing its revolutionary IMOX ion-implanted micro- 
oxide technology in 1980. Oxide Isolation generated 
faster transistor switching and tighter packaging. Ion- 
implantation meant tighter parameter control and lower 
power consumption. The bottom line - an unequalled 
combination of speed and density culminating in the 
Am29116 with a staggering 2500 gates-per-chip. Figure 3 
shows this climb In gate density. 



“Moora't Law” 


Figure 3. Am2900 Bipolar LSi/VLSI 

Future refinements of IMOX and new device techno¬ 
logies will keep AMD on the leading edge in bipolar LSI/ 
VLSI. Designed to take advantage of.these irnprovements 
in process technology, a new family of microprogram- 
mable 32-bit controller products will set the pace for 
bipolar VLSI in the mid-1980s. 

THE Am2900 FAMILY 

The Am2900 Family consists of a series of LSI building blocks 
designed for use in microprogrammed computers and con¬ 
trollers. Each device is designed to .be expandable and suffi¬ 
ciently flexible to be suitable for emulation of many existing 
machines. It is the wide variety of machine architectures pos¬ 
sible with the Am2900 Family which sets it apart from the 
fixed-instruction microprocessors such as the Am8086. 

While an Am8086 can be used to build a microcomputer with 
only four or five packages, an Am2900 design will require 30 
or 40 or more. The Am8086 design will, therefore, almost al¬ 
ways be cheaper. But the Am8086, or any other fixed- 
instruction processor, can execute only one instruction set, so 
it is not really suitable for emulation of another machine. 

Moreover, a fixed-instruction processor operates only on 
words of a single length, usually eight bits. An Am2900 design. 


on the other hand, can be constructed for any word length 
which is a multiple of four bits. 

Many applications require specialized operations to be per¬ 
formed at relatively high speed. Such functions as multiply 
and divide and special graphic control operations, can be done 
in microcode 10-100 times faster than in fixed-instruction 
MOS processors. 

MICROPROGRAMMED ARCHITECTURE 

Most small processors today are being designed using a tech¬ 
nique called microprogramming. In microprogrammed systems, 
a large portion of the system's control is performed by a read 
only memory (usually PROM) rather than large arrays of gates 
and flip-flops. This technique frequently reduces the package 
count in the controller and provides a highly ordered structure 
in the controller, not present when random logic is used. 
Moreover, microprogramming makes changes in the machines' 
instruction set very simple to perform - reducing the post¬ 
production engineering costs for the system substantially. 

The Am2900 Family of Bipolar LSI devices has been designed 
for use In microprogrammed systems. Each device performs a 
basic system function and Is driven by a set of control lines 
from a microinstruction. 

Figure 4 illustrates a typical system architecture. There are 
two "sides" to the system. At the left is the control circuitry 
and on the right is the data manipulation circuitry. The block 
labeled “2901C array” consists of the ALU, scratchpad re¬ 
gisters, data steering logic (all internal to the Am2901Cs), 
plus left/right shift control and carry lookahead circuit. Data is 
processed by moving it from main memory (not shown) Into 
the 2901C registers, performing the required operations on it 
and returning the result to main memory. Memory addresses 
may also be generated in the 2901 Cs and sent out to the 
memory address register (MAR). The four status bits from the 
2901Cs ALU are captured in the status register after each 
operation. 

The logic on the left side is the control section of the compu¬ 
ter. This Is where the Am2909A, 291OA, or 2911A is used. 
The entire system is controlled by a memory, usually PROM, 
which contains long words called microinstructions. Each mi¬ 
croinstruction contains bits to control each of the data man¬ 
ipulation elements in the system. There are, for example, nine 
bits for the 2901C instruction lines, eight bits for the A and B 
register addresses, two or three bits to control the shifting 
multiplexers at the ends of the 2901C array (see Figure 19, 
2901C data sheet), and bits to control the register enables 
on the MAR, instruction register, and various bus trans¬ 
ceivers. When the bits in a microinstruction are applied to 
all the data elements and everything is clocked, then one 
small operation (such as a data transfer or a register-to- 
register add) will occur. 

A “machine instruction” (such as a minicomputer instruction 
or an 8086 instruction) is performed by executing several 
microinstructions in sequence. Each microinstruction therefore 
contains not only bits to control the data hardware, but also 
bits to define the location in PROM of the next microinstruc¬ 
tion to be executed. The fields are labeled in Figure 4 as I, CC, 
and BA. The I field controls the sequencer. It indicates where 
the next address is located — the juPC, the stack, or the direct 
inputs — and whether the stack is to be pushed or popped. 

The CC field contains bits indicating the conditions under 
which the I field applies. These are compared with the condi¬ 
tion codes In the status register and may cause modification to 
the I field. The comparing and modification occurs In the 
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block labeled “control logic". Frequently this is a PROM or PLA. 
In the case of the Am2910, it is built into the chip. The BA field 
is a branch address or the address of a subroutine. 

PIPELINING 

The address for the microinstructions is generated by the 
sequencer, starting from a clock edge. The address goes from 
the sequencer to the ROM and, an access time later, the micro¬ 
instruction is at the ROM outputs. 

A pipeline register is a register placed on the output of the 
microprogram memory to essentially split the system in two. 
The pipeline register contains the microinstruction currently 
being executed (l). (Refer to the circled numbers in Figure 4.) 
The data manipulation control bits go out to the system 


elements and a portion of the microinstruction is returned to 
the sequencer (2) to determine the address of the next micro¬ 
instruction to be executed. That address @ is sent to the ROM 
and the next microinstruction 0 sits at the input of the 
pipeline register. So while the 2901 Cs are executing one in^ 
struction, the next instruction is being fetched from ROM. Note 
that there is no sequential logic in the sequencer between the 
select lines and the output. This is important because the loop 
0 to (?) to 0 to 0 must occur during a single clock cycle. 
During the same time, the loop from © to (5) must occur in 
the 2901 Cs. These two paths are roughly the same (around 
200ns worst case for a 16-blt system). The presence of the 
pipeline register allows the microinstruction fetch to occur 
in parallel with the data operation rather than serially, allowing 
the clock frequency to be doubled. 


Figure 4. 
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The system shown in Figure 4 works as follows. A sequence 
of microinstructions In the PROM is executed to fetch an 
instruction from main memory. This requires that the program 
counter, often in a 2901C working register, be sent to the 
memory address register and Incremented. The data returned 
from memory Is loaded into the instruction register. The 
contents of the instruction register is passed through a PROM 
or PLA to generate the address of the first microinstruction 
which must be executed to perform the required function. 
A branch to this address occurs through the sequencer. Several 
microinstructions may be executed to fetch data from memory, 
perform ALU operations, test for overflow, and so forth. Then 
a branch will be made back to the instruction fetch cycle. At 
this point, there may be branches to other sections of micro¬ 


code. For example, the machine might test for an interrupt 
here and obtain an interrupt service routine address from 
another mapping ROM rather than start on the next machine 
instruction. There are obviously many possibilities. Through¬ 
out this data book. In application notes, and within data 
sheets, some suggested techniques will be found. 


Additional application notes are in preparation and are planned 
for publication. Advanced Micro Devices' Applications' staff 
is available to answer questions and provide technical assistance 
as well. They may be reached by calling (408) 732-2400, or, 
outside California (800) 538-8450. Ask for Am2900 Family 
Applications. 
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Am2901B • Am2901C • Am2901C-1 

Four-Bit Bipolar Microprocessor Slice 


DISTINCTIVE CHARACTERISTICS 

• Two-address architecture - 

Independent simultaneous access to two working 
registers saves machine cycles. 

• Eight-function ALU - 

Performs addition, two subtraction operations, and five 
logic functions on two source operands. 

• Flexible data source selection - 

ALU data is selected from five source ports for a total of 
203 source operand pairs for every ALU function. 

• Left/right shift independent of ALU - 

Add and shift operations take only one cycle. 

• Four status flags - 

Carry, overflow, zero, and negative. 

• Expandable - 

Connect any number of Am2901s together for longer 
word lengths. 

• Microprogrammable - 

Three groups of three bits each for source operand, ALU 
function, and destination control. 

• Fast - 

Am2901C is up to 33% faster than Am2901B. The 
Am2901C meets or exceeds all of the specifications for 
the Am2901B. 

• IMOX - 

Am2901 C is processed with AMD’s proprietary 
IMOX™ Process. 


MICROPROCESSOR SLICE BLOCK DIAGRAM 



GENERAL DESCRIPTION 

The Am2901 industry standard four-bit microprocessor slice 
Is a high-speed cascadable ALU intended for use in CPUs, 
peripheral controllers, and programmable microprocessors. 
The microinstruction flexibility of the Am2901 permits effi¬ 
cient emulation of almost any digital computing machine. 

The device, as shown in the block diagram below, consists of 
a 16-word by 4-bit two-port RAM, a high-speed ALU, and the 
associated shifting, decoding and multiplexing circuitry. The 
nine-bit microinstruction word is organized into three groups 
of three bits each and selects the ALU source operands, the 
ALU function, and the ALU destination register. The micro¬ 
processor is cascadable with full look ahead or with ripple 
carry, has three-state outputs, and provides various status 
flag outputs from the ALU. AMD’s ion-implanted 
micro-oxide (IMOX) processing is used to fabricate the 
40-lead LSI chip. 

The Am2901C is a plug-in replacement for the Am2901B, 
but is 33% faster than the Am2901B. The Am2901C-1 Is a 
speed selected version of the Am2901C offering a 
20-30% speed improvement on critical paths. 


RELATED DEVICES 


Part No. 

Description 

Am2902A 

Carry Look-Ahead Generator 

Am2904 

Status and Shift Control Unit 

Am2910A 

Microprogram Controller 

Am2914 

Vectored Priority Interrupt Controller 

Am2917A 

Bus Transceiver 

Am2918 

Pipeline Register 

Am2920 

Octal Register 

Am2922 

Condition Code MUX 

Am2925 

System Clock Generator 

Am2940 

DMA Address Generator 

Am2952 

Bidirectional I/O Port 

Am27S35 

Registered PROM 


For applications information see the last part of this data 
sheet and chapters III and IV of Bit Slice Microprocessor 
Design, by Mick and Brick, McGraw Hill Publishers. 


IMOX is a trademark of Advanced Micro Devices 
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DETAILED Am2901C MICROPROCESSOR BLOCK DIAGRAM 



PIN DEFINITIONS 

Ao -3 The four address inputs to the register stack used to 
select one register whose contents are displayed through 
tt^e A-port. 

Bo -3 The four address inputs to the register stack used to 
select one register whose contents are displayed through 
the B-port and into which new data can be written when 
the clock goes LOW. 

•o-8 The nine instruction control lines. Used to determine what 
data sources will be applied to the ALU (I 012 ). what func¬ 
tion the ALU will perform (I 345 ), and what data is to be 
deposited in the Q-register or the register stack (leys)- 

Q 3 A shift line at the MSB of the Q register (Q 3 ) and the 

RAM 3 register stack (RAM 3 ). Electrically these lines are three- 
state outputs connected to TTL inputs internal to the 
device. When the destination code on Igys indicates an up 
shift (octal 6 or 7) the three-state outputs are enabled and 
the MSB of the Q register is available on the Q 3 pin and 
the MSB of the ALU output is available on the RAM 3 pin. 
Otherwise, the three-state outputs are OFF (high-imped¬ 
ance) and the pins are electrically LS-TTL inputs. When 
the destination code calls for a down shift, the pins are 
used as the data inputs to the MSB of the Q register (octal 
4) and RAM (octal 4 or 5). 

Qq Shift lines like Q 3 and RAM 3 , but at the LSB of the 

RAMq Q-cegister and RAM. These pins are tied to the Q 3 and 
RAM 3 pins of the adjacent device to transfer data be¬ 
tween devices for up and down shifts of the Q register and 
ALU data. 

Do -3 Direct data inputs. A four-bit data field which may be 
selected as One of the ALU data sources for entering data 
into the device. Dq is the LSB. 


Y 0.3 The four data outputs. These are three-state output lines. 
When enabled, they display either the four outputs of the 
ALU or the data on the A-port of the register stack, as 
determined by the destination code leys- 

OE Output_^able. When OE is HIGH, the Y outputs are OFF; 

when OE is LOW, the Y outputs are active (HIGH or 
LOW). 

G, P The carry generate and propagate outputs of the Internal 
ALU. These signals are used with the Am2902 for carry- 
lookahead. 

OVR Overflow. This pin is logically the Exclusive-OR of the 
carry-in and carry-out of the MSB of the ALU. At the most 
significant end of the word, this pin indicates that the 
result of an arithmetic two’s complement operation has 
overflowed into the sign-bit. 

F = 0 This is an open collector output which goes HIGH (OFF) if 
the data on the four ALU outputs F 0.3 are all LOW. In 
positive logic, it indicates the result of an ALU operation is 
zero. 

F 3 The most significant ALU output bit. 

Cp, The carry-in to the internal ALU. 

Cn-i -4 The carry-out of the internal ALU. 

CP The clock input. The Q register and register stack outputs 
change on the clock LOW-to-HIGH transition. The clock 
LOW time is internally the write enable to the 16 x 4 RAM 
which compromises the “master” latches of the register 
stack. While the clock is LOW, the “slave” latches on the 
RAM outputs are closed, storing the data previously on 
the RAM outputs. This allows synchronous master-slave 
operation of the register stack. 
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ARCHITECTURE 

A detailed block diagram of the bipolar microprogrammable 
microprocessor structure is shown in Figure 1. The circuit is a 
four-bit slice cascadable to any number of bits. Therefore, all 
data paths within the circuit are four bits wide. The two key 
elements in the Figure 1 block diagram are the 16-word by 4-bit 
2-port RAM and the high-speed ALU. 

Data In any of the 16 words of the Random Access Memory 
(RAM) can be read from the A-port of the RAM as controlled by 
the 4-bit A address field Input. Likewise, data in any of the 16 
words of the RAM as defined by the B address field input can be 
simultaneously read from the B-port of the RAM. The same code 
can be applied to the A select field and B select field in which case 
the Identical file data will appear at both the RAM A-port and 
B-port outputs simultaneously. 

When enabled by the RAM write enable (RAM EN), new data is 
always written into the file (word) defined by the B address field 
of the RAM. The RAM data input field is driven by a 3-input 
multiplexer. This configuration is used to shift the ALU output 
data (F) if desired. This three-input multiplexer scheme allows the 
data to be shifted up one bit position, shifted down one bit posi¬ 
tion, or not shifted In either direction. 

The RAM A-port data outputs and RAM B-port data outputs 
drive separate 4-bit latches. These latches hold the RAM data 
while the clock Input is LOW. This eliminates any possible race 
conditions that could occur while new data is being written into 
the RAM. 

The high-speed Arithmetic Logic Unit (ALU) can perform three 
binary arithmetic and five logic operations on the two 4-bit input 
words R and S. The R input field is driven from a 2-input multi¬ 
plexer, while the S input field is driven from a 3-input multi¬ 
plexer. Both multiplexers also have an inhibit capability; that Is, 
no data Is passed. This is equivalent to a "zero" source operand. 

Referring to Figure 1,the ALU R-input multiplexer has the RAM 
A-port and the direct data inputs (D) connected as inputs. Like¬ 
wise, the ALU S-input multiplexer has the RAM A-port, the 
RAM B-port and the Q register connected as inputs. 

This multiplexer scheme gives the capability of selecting various 
pairs of the A, B, D, Q and "0" inputs as source operands to the 
ALU. These five inputs, when taken two at a time, result in ten 
possible combinations of source operand pairs. These combin¬ 
ations include AB, AD, AQ, AO, BD, BQ, BO, DQ, DO and QO. 
It Is apparent that AD, AQ and AO are somewhat redundant with 
BD, BQ and BO in that if the A address and B address are the 
same, the Identical function results. Thus, there are only seven 
completely non-redundant source operand pairs for the ALU. 
The Am2901 microprocessor implements eight of these pairs. 
The microinstruction inputs used to select the ALU source 
operands are the Iq, ll, and I 2 inputs. The definition of Iq, h, 
and I 2 for the eight source operand combinations are as shown in 
Figure 2. Also shown is the octal code for each selection. 

The two source operands not fully described as yet are the D in¬ 
put and Q input. The D input is the four-bit wide direct data 
field input. This port is used to insert all data into the working 
registers inside the device. Likewise, this input can be used in the 
ALU to modify any of the internal data files. The Q register Is a 
separate 4-bit file intended primarily for multiplication and 
division routines but it can also be used as an accumulator or 
holding register for some applications. 

The ALU Itself is a high-speed arithmetic/logic operator capable 
of performing three binary arithmetic and five logic functions. 
The I 3 , I 4 , and I 5 microinstruction inputs are used to select the 


ALU function. The definition of these inputs is shown in Figure 3. 
The octal code is also shown for reference. The normal technique 
for cascading the ALU of several devices Is in ajook-ahead carry 
mode. Carry generate, G, and carry propagate, P, are outputs of 
the device for use with a carry-look-ahead-generator such as the 
Am2902. A carry-out, Cn-h 4 , is also generated and is available 
as an output for use as the carry flag in a status register. Both 
carry-in (Cp) and carry-out (Cn-<- 4 ) are active HIGH. 

The ALU has three other status-oriented outputs. These are F 3 , 
F = 0, and overflow (OVR). The F 3 output is the most significant 
(sign) bit of the ALU and can be used to determine positive or 
negative results without enabling the three-state data outputs. 
F 3 is non-Inverted with respect to the sign bit output Y 3 . The 
F = 0 output is used for zero detect. It is an open-collector out¬ 
put and can be wire OR'ed between microprocessor slices. F = 0 
is HIGH when all F outputs are LOW. The overflow output (QVR) 
is used to flag arithmetic operations that exceed the available 
two's complement number range. The overflow output (OVR) 
is HIGH when overflow exists. That is, when €^^.3 and Cp ,:^4 are 
not the same polarity. 

The ALU data output is routed to several destinations. It can be a 
data output of the device and it can also be stored in the RAM or 
the Q register. Eight possible combinations of ALU destination 
functions are available as defined by the 15 , 17 , and 13 micro¬ 
instruction inputs. These combinations are shown in Figure 4. 

The four-bit data output field (Y) features three-state outputs and 
can be directly bus organized. An output control (OE) is used to 
enable the three-state outputs. When OE is HIGH, the Y outputs 
are In the high-impedance state. 

A two-input multiplexer is also used at the data output such that 
either the A-port of the RAM or the ALU outputs (F) are selected 
at the device Y outputs. This selection is controlled by the 1 3 , 1 7 , 
and I 3 microinstruction inputs. Refer to Figure 4 for the selected 
output for each microinstruction code combination. 

As was discussed previously, the RAM inputs are driven from a 
three-input multiplexer. This allows the ALU outputs to be 
entered non-shifted, shifted up one position (X2) or shifted down 
one position (-^ 2 ). The shifter has two ports; one is labeled RAMq 
and the other Is labeled RAM 3 . Both of these ports consist of a 
buffer-driver with a three-state output and an input to the multi¬ 
plexer. Thus, In the shift up mode, the RAM 3 buffer is enabled 
and the RAMq multiplexer input is enabled. Likewise, in the shift 
down mode, the RAMq buffer and RAM 3 input are enabled. In 
the no-shIft mode, both buffers are in the high-impedance state 
and the multiplexer inputs are not selected. This shifter is con¬ 
trolled from the le, I 7 and Ig microinstruction inputs as defined 
in Figure 4. 

Similarly, the Q register is driven from, a 3-input multiplexer. In 
the no-shift mode, the multiplexer enters the ALU data into the 
Q register. In either the shift-up or shift-down mode, the multi¬ 
plexer selects the Q register data appropriately shifted up or 
down. The Q shifter also has two ports; one is labeled Qq and the 
other is Q 3 . The operation of these two ports is similar to the 
RAM shifter and is also controlled from Ig, I 7 , and Ig as shown 
in Figure 4. 

The clock Input to the Am2901 controls the RAM, the Q register, 
and the A and B data latches. When enabled, data is clocked into 
the Q register on the LOW-to-HIGH transition of the clock. When 
the clock input is HIGH, the A and B latches are open and will 
pass whatever data is present at the RAM outputs. When the 
clock Input is LOW, the latches are closed and will retain the 
last data entered. If the RAM-EN is enabled, new data will be 
written into the RAM file (word) defined by the B address field 
when the clock Input is LOW. 
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FUNCTIONAL TABLES 
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Figure 2. ALU Source Operand Control. Figure 3. ALU Function ControL 
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Figure 4. ALU Destination Controi. 
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Figure 5. Source Operand and ALU Function Matrix. 
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Figure 5 results. This matrix fully defines the ALU/source 
operand function for each state. 

The ALU functions can also be examined on a "task" basis, 
i.e., add, subtract, AND, OR, etc. In the arithmetic mode, the 
carry will affect the function performed while in the logic 
mode, the carry will have no bearing on the ALU output. 
Figure 6 defines the various logic operations that the Am2901 
can perform and Figure 7 shows the arithmetic functions of 
the device. Both carry-in LOW (Cn = 0) and carry-in HIGH 
(Cp = 1) are defined in these operations. 


Figure 6. ALU Logic Mode Functions. Figure 7. ALU Arithmetic Mode Functions. 
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DVQ 

7 0 



7 1 


AVB 


EX-NOR 


7 5 


DVA 

7 6 


DVQ 

7 2 


Q 

7 3 


B 


INVERT 


7 4 


A 

7 7 


5 

6 2 


Q 

6 3 

PASS 

B 

6 4 


A 

6 7 


D 

3 2 


Q 

3 3 


B 


PASS 


3 4 


A 

3 7 


D 

4 2 


0 

4 3 

"ZERO" 

0 

4 4 


0 

4 7 


0 

5 0 


AAQ 

5 1 

MASK 

AAB 

5 5 


DAA 

5 6 


DAQ 


SOURCE OPERANDS AND ALU FUNCTIONS 


There are eight source operand pairs available to the ALU as 
selected by the Iq, h, and I 2 instruction inputs. The ALU can 
perform eight functions; five logic and three arithmetic. The 
• 3 , U' I 5 instruction inputs control this function selection. 
The carry input, 0^, also affects the ALU results when in'the 
arithmetic mode. The Cp input has no effect in the logic mode. 
When Iq through 1 5 and Cn are viewed together, the matrix of 
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LOGIC FUNCTIONS FOR G, P, Cn+ 4 , AND OVR 

The four signals P, Cn+ 4 , and OVR are designed to indicate 
carry and overflow conditions when the Am2901 is in the add 
or subtract mode. The table below indicates the logic equations 
for these four signals for each of the eight ALU functions. The 
R and S inputs are the two inputs selected according to 
Figure 2. 


•543 

Function 

P 

G 

Cn+4 

OVR 

0 

R + S 

P 3 P 2 P 1 P 0 

G 3 + P 3 G 2 + P 3 P 2 G 1 + P 3 P 2 P 1 G 0 

C 4 

C 3 VC 4 

1 

S R 





2 






3 

■r VS 

LOW 

P 3 P 2 P 1 P 0 

P 3 P 2 P 1 P 0 + Cn 

P 3 P 2 P 1 P 0 + Cn 

4 

R AS 

LOW 

G 3 + G 2 + Gi + Go 

G 3 + G 2 + Gi + Go + Cn 

G 3 + G 2 + Gi + Go + Cn 

5 

R AS 

LOW 






6 

R V S 

... ..-..ox 



7 

R vs 

G-? + Go + Gi + Gn 


G 3 + P 3 G 2 + P 3 P 2 G 1 

See-note 





P 3 P 2 P 1 P 0 ISq + Cn) 



Note: [P2 + G2P1 +G 2 G-J Po + G2G-i GoCn] V [P3 +G3P2+G3G2P1+G3G2G1 Pq +G 3G2G1 GoCn] + = OR 

Figure 8. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential 

-0.5 V to+7.0 V 

DC Voltage Applied to Outputs for HIGH Output State 

-0.5 V to +Vcc rnax. 

DC Input Voltage 

-0.5 V to +5.5 V 

DC Output Current, Into Outputs 

30 mA 

DC Input Current 

—30 mA to +5.0 mA 


OPERATING RANGE 


Part Number 

Suffix Vqq Temperature 


PC. PCB, 

DC, DCB 

XC 

4.75V to 5.25V 

Ta = 0°C to+70°C 

DM, DMB 

FM, FMB 

XM 

4.50V to 5.50V 

Tc = -55°C to +125°C 


Figure 9. 


Definitions (+== OR) 

pQ " Ro So Gq = RqSo 

Pi ~ Ri S-j Gi = RiS-i 

P2 ” R2 S2 G2 “ R2S2 

P3 = R3 4 - S3 G3 = R3S3 

C 4 = G 3 + P 3 G 2 + P 3 P 2 G 1 + P 3 P 2 P 1 G 0 + P3p2PiPoCn 

C3 = G2 + P2G1 + P2P1G0 + P2PlPoCn 
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ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 

(Group A, Subgroups 1 , 2 , and 3 ) 


Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vqh 

Output HIGH Voltage 

Vcc = min. 

V|N = V|H or V|L 

■ 

•OH = -1.6mA 

Y0.Yi,Y2,Y3 

2.4 



Volts 

Iqh = -1.0mA, Cn +4 

2.4 



IqH = -800mA, OVR, P 

2.4 



Iqh = -600mA, F 3 

2.4 



•oh ~ —600mA 

RAMq, 3 , Qq, 3 

2.4 



Iqh = - 1 . 6 mA,G 

2.4 



^CEX 

Output Leakage Current 
for F = 0 Output 

Vcc ” min., Vqh " 5.5V 

V|N = ViH or V|L 



250 

mA 

VoL 

Output LOW Voltage 

Vcc = min., 

V|N = V|H 
or V|L 

Y 0 .Yl.V 2 . Y3 

Iql = 20mA (COM'L) 



0.5 

Volts 

IOL = 16mA (MIL) 



0.5 

G, F = 0 

•OL ~ 16mA 



0.5 

Gn+4 

•OL “ 10mA 



0.5 

OVR, P 

•OL 8.0mA 



0.5 

F 3 , RAMq, 3 , 

Qo, 3 

•OL ~ 6.0mA 

. . _ 



0.5 

V|H 

Input high Level 

Guaranteed input logical HIGH 
voltage for all inputs (Note 7) 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 

voltage for all inputs (Note 7) 



0.8 

Volts 

Vi 

Input Clamp Voltage 

Vcc = min., IiN = -18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = MAX., V|M = 0.5V 

Clock, OE 



-0.36 

mA 

Aq. Ai,A 2 , A 3 



-0.36 

Bq. Bi, B 2 , B 3 



-0.36 

Dq, Di, D 2 , D 3 



-0.72 

•O.' 1 .' 2 . * 6.'8 



-0.36 

I 3 . '4. >5. *7 



-0.72 

RAMo, 3 , Qq, 3 (Note 4) 



- 0.8 

Cn 



-3.6 

l|H 

______ 

Input HIGH Current 

Vcc = max., V|N-2.7V 

Clock, OE 



20 

mA 

Aq, Ai, A 2 , A 3 



20 

Bo. Bi, 82 , B 3 



20 

Do. D 1 .D 2 , D 3 



40 

• 0 .'l. < 2 .' 6.'8 



20 

• 3 . *4. <5. '7 



40 

RAMq^ 3 , 3 (Note 4) 



100 

Cn 



200 


Input HIGH Current 

Vcc = max., V|M = 5.5V 



1.0 

mA 

>OZH 

'OZL 

Off State (High Impedance) 
Output Current 

Vcc = max. 

Y 0 .Y 1 , 

Y 2 .Y 3 

Vo = 2.4V 



50 

— 

mA 

Vo = 0.5V 



-50 

RAMq^ 3 

Qo,3 

Vo = 2.4V 
(Note 4) 



100 

Vo = 0.5V 
(Note 4) 



-800 

•os 

Output Short Circuit Current 
(Note 3) 

Vcc = '^AX. + 0.5V, Vq = 0.5V 

Yq. Yi, Y 2 , Y3,G 

-30 


-85 

mA 

Cn+4 

-30 


-85 

OVR,P 



-85 

F 3 

-30 


-85 

RAMo, 3 , Qq, 3 

-30 


-85 

•cc 

Power Supply Current 

(Notes) 

Vcc max. 

COM'L and MIL 

Ta = 25° C 


160 

250 

mA 

COM'L Only 

Ta = 0°C to +70°C 

r” 



Ta = +70°C 



220 

MIL Only 

Tc = —55° C to 
+125°C 



280 

Tc = +125°C 



198 


Notes: 1. Vqq conditions shown as MIN. or MAX., refer to the military (±10%) or commercial (±5%) Vqc limits. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be stored at a time. Duration of the short circuit test should not exceed one second. 

4. These are three-state outputs internally connected to TTL inputs. Input characteristics are measured with 1 073 in a state such that the 
three-state output is Off. 

5. "MIL” = Am2901CXM, DM, FM, LM. “COM’L” = Am2901CXC, PC, DC. LC. 

6 . Worst case Iqc's measured at the lowest temperature in the specified operating range. 

7. These input levels provide zero noise immunity and should only be static tested in a noise-free environment, (not functionally tested). 

Figure 10. 

5-11 

































Am2901B/2901C/2901C-1 


I. Am2901C Guaranteed Commercial 
Range Performance 

The tables below specify the guaranteed performance of the 
Am2901 C over the commercial operating range of 0°C to -i-70®C, 
with Vcc from 4.75V to 5.25V. All data are in ns, with inputs 
switching between OV and 3V at 1V/ns and measurements made 
at 1.5V. All outputs have maximum DC load. 

This data applies to the following part numbers: Am2901 CPC 

Am290lCDC 

Am2901CLC 


A. Cycle Time and Clock Characteristics. 


Read-Modify-Write Cycle (from selection of A, B registers 
to end of cycle.) 

31ns 

Maximum Clock Frequency to shift Q (50% duty cycle, 

1 = 432 or 632) 

32MHz 

Minimum Clock LOW Time 

15ns 

Minimum Clock HIGH Time 

15ns 

Minimum Clock Period 

31ns 


B. Combinational Propagation Delays. 
Cl = 50pF 


-J[oOutput 
From InpuT^ 

Y 

F3 

Cn-i-4 

G,P 

o 

II 

UL 

OVR 

RAMO 

RAMS 

QO 

Q3 

A, B Address 

40 

40 

40 

37 

40 

40 

40 

- 

D 

30 

30 

30 

30 

38 

30 

30 

- 

Cn 

22 

22 

20 

- 

25 

22 

25 

- 

1012 

35 

35 

35 

37 

37 

35 

35 

- 

1345 

35 

35 

35 

35 

38 

35 

35 

- . 

1678 

25 

- 

- 

- 

- 

- 

26 

26 

A Bypass ALU 
(1 = 2XX) 

35 

- 

- 

- 

- 

- 

- 

- 

Clock Jf” 

35 

35 

35 

35 

35 

35 

35 

28 


C. Set-up and Hold Times Relative to Clock (CP) Input. 




^ _ 

7 


Input 

CP: ^ 

f_ 

Set-up Time 
Before H L 

Hold Time 
After H >> L 

Set-up Time 
Before L H 

Hold Time 

After L -> H 

A, B Source Address 

15 

1 (Note 3) 

30, 15 + TpwL 
(Note 4) 

1 

B Destination 

Address 

15 

Do Not Change 

1 

D 

- 

- 

25 

0 

Cn 

- 

- 

20 

0 

1012 

- 

- 

30 

0 

1345 

_ 

- 

30 

0 

1678 

10 

Do Not Change 

0 

RAMO, 3, QO. 3 

- 


12 

0 


D. Output Enable/Disable Times. 

Output disable tests performed with Cl = 5pF and 
measured to 0.5V change of output voltage level. 


Input 

Output 

Enable 

Disable 


Y 

23 

23 


Notes: 

1. A dash indicates a propagation delay path or set-up time constraint does not exist. 

2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by the phrase “do not change”. 

3. Source addresses must be stable prior to the clock H L transition to allow time to access the source data before the latches close. The A 
address may then be changed. The B address could be changed if it is not a destination; i.e. if data is not being written back into the RAM. Normally 
A and B are not changed during the clock LOW time. 

4. The set-up time prior to the clock L H transition is to allow time for data to be accessed, passed through the ALU, and returned to the RAM. It 
includes ali the time from stable A and B addresses to the clock L-> H transition, regardless of when the clock H L transition occurs. 
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II. AiTI 2901C Guaranteed Military Cycle Time and Clock Characteristics. 

Range Performance 

The tables below specify the guaranteed performance of the 
Am2901 B over the military operating range of -55®C to +125°C, 
with Vqc from 4.5V to 5.5V. All data are in ns, with inputs switch¬ 
ing between OV and 3V at 1V/ns and measurements made at 
1.5V. All outputs have maximum DC load. 

This data applies to the following part numbers: Am2901 CDM 

Am2901CFM 
Am2901CLM 


B. Combinational Propagation Delays. 
Cl = 50pF 


-~__Xo_^tput 
From InpuT^ 

Y 

F3 

Cn-t-4 

G.P 

F=0 

OVR 

RAMO 

RAMS 

QO 

Q3 

A, B Address 

48 

48 

48 

44 

48 

48 

48 


D 

37 

.37 

37 

34 

40 

37 

37 


Cn 

25 

25 

21 


28 

25 

28 


1012 

40 

40 

40 

44 

44 

40 

40 


1345 

40 

40 

40 

40 

40 

40 

40 


1678 

29 






29 

29 

A Bypass ALU 
(1 = 2XX) 

40 








Clock ^ 

40 

40 

40 

40 

40 

40 

40 

33 


Read-Modify-Write Cycle (from selection of A, B registers 
to end of cycle.) 

32ns 

Maximum Clock Frequency to shift Q (50% duty cycle, 

1 = 432 or 632) 

31MHz 

Minimum Clock LOW Time 

15ns 

Minimum Clock HIGH Time 

15ns 

Minimum Clock Period 

32ns 


C. Set-up and Hold Times Relative to Clock (CP) Input. 







Input 

CP: ^ 

L 

Set-up Time 
Before H -► L 

Hold Time 
After H L 

Set-up Time 
Before L H 

Hold Time 
After L H 

A, B Source Address 

15 

2 (Note 3) 

30, 15 + TpwL 
(Note 4) 

2 

B Destination 

Address 

15 

Do Not Change 

2 

D 



25 

o' 

Cn 



20 

0 

1012 



30 

0 

1345 



30 

0 

1678 

10 

Do Not Change 

0 

RAMO, 3, QO, 3 


_ 

12 

0 


D. Output Enable/Disable Times. 

Output disable tests performed with Cl = 5pF‘and 
measured to 0.5V change of output voltage level. 


Input 

Output 

Enable 

Disable 

OE 

Y 

25 

25 


Notes: 

»1. A dash indicates a propagation delay path or set-up time constraint does not exist. 

2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by the phrase “do not change”. 

3. Source addresses must be stable prior to the clock H L transition to allow time to access the source data before the latches close. The A 
address may then be changed. The B address could be changed if it is not a destination; i.e. if data is not being written back into the RAM. Normally 
A and B are not changed during the clock LOW time. 

4. The set-up time prior to the clock L -► H transition is to allow time for data to be accessed, passed through the ALU, and returned to the RAM. It 
includes all the time from stable A and B addresses to the clock L-*- H transition, regardless of when the clock H--> L transition occurs. 
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IV. Am2901B Guaranteed Commercial Range Performance 

The Am2901 C meets or exceeds all of the specifications for the earlier Am2901 B and Am2901A. 
Parts may still be ordered and marked as Am2901B or Am2901A. 

V. Am2901B Guaranteed Military Range Performance 

The Am2901C meets or exceeds all of the specifications for the earlier Am2901B and Am2901A. 
Parts may still be ordered and marked as Am2901B or Am2901A. 

TTL INPUT/OUTPUT CURRENT INTERFACES 



C| == S.OpF, ail inputs 



Oo, 3. RAMq, 3 


G, P. C„+4 


F = 0 

Y OUTPUTS 


OVR, F3 




Cq =« S.OpF, all outputs 


Figure 11. 


MPR-013 


MPR-014 


5-14 





Am2901B/2901C/2901C-1 


TEST OUTPUT LOAD CONFIGURATIONS FOR Am2901C 


A. THREE-STATE OUTPUTS 


B. NORMAL OUTPUTS 


C. OPEN-COLLECTOR OUTPUTS 


5V 



5V 



Iqh 

5.0 - Vbe - VoL 

Ri = - 

•OL + V0L/R2 


VouT 


5V 


Si 


Ri 


Cl 


Rl = 


5.0 - Vql 
'OL 


Notes: 1. C|_ = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 

2. S^, S 2 , S 3 are closed during function tests and all AC tests except output enable tests. 

3. and S 3 are closed while S 2 is open for tpzH test. 

S^ and S 2 are closed while S 3 Is open for tpzj. test. 

4. Cl = 5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am2901C (DIP) 


Pin# 

Pin Label 

Test 

Circuit 

Ri 


8 

RAM3 

A 

560 



RAMo 

A 

560 



F = 0 

C 

270 

- 

16 

Q3 

A 

560 

IK 

21 

Qo 

A 

560 

IK 

31 

F3 

B 

620 


32 

G 

B 

220 


33 

Cn+4 

B 

360 




B 

470 




B 

470 

3K 


Yo-3 

A 


IK 






Am2901B/2901C/2901C-1 


LIFE TEST AND BURN-IN CIRCUIT FOR MILITARY CLASS B PARTS. 



(Contact Factory for Commercial Burn-in Conditions) 


Figure 12. 

Notes on Testing 

Incoming test procedures on this device should be carefully 4. Use extreme care in defining input levels for AC tests. Many 
planned, taking into account the high complexity and power levels inputs may be changed at once, so there will be significant 

of the part. The following notes may be useful. noise at the device pins and they may riot actually reach V| l or 

1. Insure the part is adequately decoupled at the test head. Large until the noise has settled. AMD recommends using V|l ^ 

changes in Vcc current as the device switches may cause V|h ^ 2.4V for AC tests. 

erroneous function failures due to Vcc changes. 5. To simplify failure analysis, programs should be designed to 

2. Do not leave inputs floating during any tests, as they may start DC, Function, and AC tests as three distinct groups of 

to oscillate at high frequency. tests. 

3. Do not attempt to perform threshold tests at high speed. assist in testing, AMD offers complete documentation on 

Following an input transition, ground current may change by Procedures and, in most cases, can provide Fairchild 

as much as 400mA in 5-8ns. Inductance in the ground cable ®®ri*''y programs, under license. 

may allow the ground pin at the device to rise by 100’s of 
millivolts momentarily. 

For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices” 
in the Bipolar Microprocessor Logic and Interface Data Book. 
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MINIMUM CYCLE TIME CALCULATIONS FOR 16-BIT SYSTEMS 

Speeds used in calculations for parts other than Am2901C are 
representative for available MSI parts. 



Pipelined System. Add without Simultaneous Shift. mpr 010 


DATA LOOP 


0 Register 

Clock to Output 

9 

+ (D 2901C 

^ BJo G, P 

37 

+ 0 2902 

Go, Po to Cn+z 

10 

+ 0 2901C 

Cn to Cn+ 4 , OVR. F 3 , F = 0, Y 

25 

+ 0 Register 

Set-up Time 

2 



83ns 


CONTROL LOOP 



0 

Register 

Clock to Output 

9 

+ 


MUX 

Select to Output 

13 

+ 

0 

2910 

CC to Output 

45 

+ 


PROM 

Access Time 

40 

+ 

® 

Register 

Set-up Time 

2 

109ns 


Minimum clock period = 109ns 



Pipelined System. Simultaneous Add and Shift Down. 


DATA LOOP CONTROL LOOP 



0 

Register 

Clock to Output 

9 


0 

Register 

Clock to Output 

9 

4- 

0 

2901C 

A BJo G, P 

37 

4- 


MUX 

Select to Output 

13 

4- 

0 

2902 

Gq, Pq to Cn+z 

10 

4- 


2910 

CC to Output 

45 

4- 

0 

2901 

Cn to F 3 , OVR 

25 

4- 


PROM 

Access Time 

40 

4- 


XOR and MUX 

21 

4- 

0 

Register 

Set-up Time 

2 

4- 


2901 

RAM 3 Set-up 

12 





109ns 





114ns 







Minimum clock period = 114ns 


Figure 13. 
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III. Am2901C-1 Switching Characteristics 

The Am2901C-1 is a speed selected version of the 
Am2901C offering a 20-30% speed improvement 
on critical paths. 


A. Cycle Time and Clock Characteristics. 


Read-Modify-Write Cycle (from selection of A, B registers 
to end of cycle.) 


Maximum Clock Frequency to shift Q (50% duty cycle, 

1 = 432 or 632) 


Minimum Clock LOW Time 


Minimum Clock HIGH Time 


Minimum Clock Period 



B. Combinational Propagation Delays. 
Cl = 50pF 



D. Output Enable/Disable Times. 

Output disable tests performed with Cl = 5pF and 
measured to 0.5V change of output voltage level. 


Input 

Output 

Enable 

Disable 






Notes: 

1. A dash indicates a propagation delay path or set-up time constraint does not exist. 

2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by the phrase “do not change". 

3. Source addresses must be stable prior to the clock H L transition to allow time to access the source data before the latches close. The A 
address may then be changed. The B address could be changed if it is not a destination; i.e. if data is not being written back into the RAM. Normally 
A and B are not changed during the clock LOW time. 

4. The set-up time prior to the clock L H transition is to allow time for data to be accessed, passed through the ALU, and returned to the RAM. It 
includes all the time from stable A and B addresses to the clock L-^- H transition, regardless of when the clock H-> L transition occurs. 
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ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 

Am2901B Am2901C-1 Package Type Operating Range Screening Level 

(Notes) Am2901C (Note 6) (Note1) (Note 2) (Note 3) 


AM2901BPC 

AM2901CPC 


P-40 

AM2901BDC 

AM2901CDC 


D-40 

AM2901BDC-B 

AM2901CDC-B 


D-40 

AM2901BDM 

AM2901CDM 

c 

D-40 

AM2901BDM-B 

AM2901CDM-B 

r 

u 

X 

D-40 

AM2901BFM 

AM2901CFM 

F-42 

AM2901BFM-B 

AM2901CFM-B 

1 

u 

F-42 


AM2901CLC 

L-44 


AM2901CLM 

R 

L-44 


AM2901CLM-B 

E 

L-44 

AM2901BXC 

AM2901CXC 


Dice 

AM2901BXM 

AM2901CXM 


Dice 


C 

C-1 

C 

C-1 

C 

- B-2(Note4) 

M 

C-3 

M 

B-3 

M 

C-3 

M 

B-3 

C 

C-1 

M 

C-3 

M 

B-3 

c 

\ Visual Inspectic 

M 

[ toMIL-STD-88 
j Method 201 OB 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B (in 

Bipolar Microprocessor Logic and Interface Data Book) for detailed outline. Where Appendix B contains several dash 
numbers, any of the variations of the package may be used unless otherwise specified. 

2. C = 0 to +70°C, Vcc = 4.75 to 5.25V, M = -55 to + 125°C, Vcc = 4.50 to 5.50V. 

3. See Appendix A (in Bipolar Microprocessor Logic and Interface Data Book) for details of screening. Levels C-1 and C-3 
conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 

4. 96 hour burn-in. 

5. Am2901B orders may be shipped with Am2901C die with the package marked Am2901B. 

6 . When available. 


METALLIZATION AND PAD LAYOUT 


Aa 1 
Az 2 
A, 3 
Ao 4 
'6 5 


>7 f 
RAMj 8 

RAMg 9 

Vcc ■'0 

GND 
F = 0 11 

lo 12 
ti 13 
Ij 14 
CP 15 

O3 16 

Bo 17 
18 

Bj 19 

B3 20 



40 

,39 

38 

37 

36 


35 

34 


31 

30 

29 

28 

27 

26 

25 

24 

23 

22 


21 


OE 

Y 3 

Y 2 

Y, 

Yo 


P 

OVR 

£ 0+4 

G 

F 3 

GND 

C„ 

•5 

'3 

Do 

Di 

Dj 

D 3 

Qo 


DIE SIZE 0.130" X 0.123" 


CONNECTION DIAGRAMS - Top Views 



F-42 



Note: Pin 1 is marked for orientation. 


Figure 14. 


Chip-Pak^“ 

L-44-1 
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Using the Am2901 


BASIC SYSTEM ARCHITECTURE 

The Am2901 is designed to be used in microprogrammed 
systems. The nine instruction lines, the A and B addresses, and 
the D data inputs normally will all come from registers clocked at 
the same time as the Am2901. The register inputs come from a 
ROM or PROM - the “microprogram store.” This memory 
contains sequences of microinstructions, typically 28 to 40 bits 
wide, which apply the proper control signals to the Am2901s and 
other circuits to execute the desired operation. 

The address lines of the microprogram store are driven from the 
Am2901 microprogram sequencer. This device has facilities for 
storing an address, incrementing an address, jumping to any 
address, and linking subroutines. The Am2901 is controlled by 
some of the bits coming from the microprogram store. 
Essentially these bits are the “next instruction” control. 

Note that with the microprogram register in-between the 
microprogram memory store and the Am2901s, an instruction 
accessed on one cycle is executed on the next cycle. As one 
instruction is executed, the next instruction is being read from 
microprogram memory. In this configuration, system speed is 
improved because the execution time in the Am2901 s occurs in 
parallel with the access time of the microprogram store. Without 
the “pipeline register,” these two functions must occur serially. 


EXPANSION OF THE Am2901 

The Am2901 is a four-bit CPU slice. Any number of Am2901s 
can be interconnected to form CPUs of 12, 16, 24, 36 or more 
bits, in four-bit increments. Figure 16 illustrates the 
interconnection of three Am2901s to form a 12 -bit CPU, using 
ripple carry. Figure 17 illustrates a 16-bit CPU using carry 
lookahead, and Figure 18 is the general carry lookahead 
scheme for long words. 

With the exception of the carry interconnection, all expansion 
schemes are the same. Refer to Figure 16. The Q 3 and RAM 3 
pins are bidirectional left/right shift lines at the MSB of the 
device. For all devices except the most significant, these lines 
are connected to the Qq and RAMq pins of the adjacent more 
significant device. These connections allow the Q-registers of 


all Am2901s to be shifted left or right as a contiguous n-bit 
register, and also allow the ALU output data to be shifted left or 
right as a contiguous n-bit word prior to storage in the RAM. At 
the LSB and MSB of the CPU, the shift pins should be connected 
to three-state multiplexers which can be controlled by the 
microcode to select the appropriate input signals to the shift 
inputs. (See Figure 19) 

The open collector F = 0 outputs of all the Am2901s are 
connected together and to a pull-up resistor. This line will go 
HIGH if and only if the ouput of the ALU contains all zeroes. Most 
systems will use this line as the Z (zero) bit of the processor 
status word. 

The overflow and F 3 pins are generally used only at the most 
significant end of the array, and are meaningful only when two’s 
complement signed arithmetic is used. The overflow pin is the 



TO OTHER 
DEVICES 


MPB-016 


Figure 15. Microprogrammed Architecture Around 
Am2901s. 


Do-3 ^^4-7 ‘^8-11 



MPR-017 

Figure 16. Three Am2901s Used to Construct 12-Bit CPU with Ripple Carry. Corresponding A, B and 
I Pins on all Devices are Connected together. 
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Exclusive-OR of the carry-in and carry-out of the sign bit (MSB). 
It will go HIGH when the result of an arithmetic operation is a 
number requiring more bits than are available, causing the sign 
bit to be erroneous. This is the overflow (V) bit of the processor 
status word. The F 3 pin is the MSB of the ALU output. It is the 
sign of the result in two’s complement notation, and should be 
used as the Negative (N) bit of the processor status word. 

The carry-out from the most significant Am2901 (Cn +4 pin) is 
the carry-out from the array, and is used as the carry (C) bit of 
the processor status word. 


Carry interconnections between devices may use either ripple 
carry or carry lookahead. For ripple carry, the carry-out (Cn + 4 ) 
of each device is connected to the carry-in (Cp) of the next more 
significant device. Carry lookahead uses the Am2902 
lookahead carry generator. The scheme is identical to that used 
with the 74181/74182. Users unfamiliar with this technique 
should refer to AMD’s application note on Arithmetic Logic 
Units. Figure 17 and 18 illustrate single and multiple level 
lookahead. 


^0-3 D4-7 D12-I5 



Figure 17. Four Am2901s in a 16-Bit CPU Using the Am2902 for Carry Lookahead. 


Am2901 s 



MPR-019 


Figure 18. Carry Lookahead Scheme for 48-Bit CPU Using 12 Am2901s. The Carry-Out Fiag (C 48 ) should 
be taken from the Lower Am2902 Rather than the Right-Most Am2901 for Higher Speed. 
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Sq Si 



MPR-020 


Figure 19. Three-State Multiplexers Used on Shift I/O Lines. 


SHIFT I/O LINES AT THE END OF THE ARRAY 

The Q-register and RAM left/right shift data transfers occur 
between devices over bidirectional lines. At the ends of the 
array, three-state multiplexers are used to select what the new 
inputs to the registers should be during shifting. The Am2904 
includes these multiplexers in a single LSI chip. Figure 19 
shows two Am25LS253 dual four-input multiplexers connected 
to provide four shift modes. Instruction bit I7 (from the 
Am2901) is used to select whether the left-shift multiplexer or 
the right-shift multiplexer is active. The four shift modes in 
this example are: > 

Zero A LOW is shifted into the MSB of the RAM on a 
down shift. If the Q-register is also shifted, then a 
LOW is deposited in the Q-register MSB. If the 
RAM or both registers are shifted up, LOWs are 
placed in the LSBs. 


One Same as zero, but a HIGH level is deposited in the 

LSB or MSB. 

Rotate A single precision rotate. The RAM MSB shifts 
into the LSB bn a right shift and the LSB shifts 
into the MSB on a left shift. The Q-register, if 
shifted, will rotate in the same manner. 

Arithmetic A double-length Arithmetic Shift if Q Is also 
shifted. On an up shift a zero is loaded into the 
Q-register LSB and the Q-register MSB is loaded 
into the RAM LSB. On a down shift, the RAM LSB 
is loaded into the Q-register MSB and the ALU 
output MSB (Fp, the sign bit) is loaded into the 
RAM MSB. (This same bit will also be in the next 
less significant RAM bit.) 



HARDWARE MULTIPLICATION 

Figure 20 illustrates the interconnections for a hardware mul¬ 
tiplication using the Am2901, The system shown uses two 
devices for 8 x 8 multiplication, but the expansion to more 
bits is simple — the significant connections are at the LSB 
and MSB only. 

The basic technique used is the "'add and shift" algorithm. One 
clock cycle is required for each bit of the multiplier. On each 
cycle, the LSB of the multiplier is examined; if it is a "1", then 


the multiplicand is added to the partial product to generate 
a new partial product. The partial product is then shifted one 
place toward the LSB, and the multiplier is also shifted one 
place toward the LSB. The old LSB of the multiplier is 
discarded. The cycle is then repeated on the new LSB of the 
multiplier available at Qq. 

The multiplier is in the Am2901 Q-register. The multiplicand 
is in one of the registers in the register stack, Ra* The product 
will be developed in another of the registers in the stack, Rt). 
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The A address inputs are used to address the multiplicand in 
Ra, and the B address inputs are used to address the partial 
product in Rp. On each cycle, Ra is conditionally added to Rb, 
depending on the LSB of Q as read from the Qq output, and 
both Q and the ALU output are shifted down one place. The 
instruction lines to the Am2901 on every cycle will be: 


2. The shift output at the LSB of the Q-register determines 
whether the ALU source operands will be A and B (add 
multiplicand to partial product) or 0 and B (add nothing to 
partial product. Instruction bit li can select between A, B 
or 0, B as the source operands; it can be driven directly 
from the complement of the LSB of the multiplier. 


*876 = 4 (shift register stack input and Q register left) 

* 5,43 ~ ® (Add) 

*210 = 1 or 3 (select A, B or 0, B as ALU sources) 

Figure 20 shows the connections for multiplication. The 
circled numbers refer to the paragraphs below. 

1. The adjacent pins of the Q-register and RAM shifters are 
connected together so that the Q-registers of both (or all) 

. Am2901s shift left or right as a unit. Similarly, the entire 
eight-bit (or more) ALU output can be shifted as a unit 
prior to storage in the register stack. 



3. As the new partial product appears at the input to the 
register stack, it is shifted left by the RAM shifter. The new 
LSB of the partial product, which is complete and will not 
be affected by future operations, is available on the RAMq 
pin. This signal is returned to the MSB of the Q-register. On 
each cycle then, the just-completed LSB of the product is 
deposited in the MSB of the Q-register; the Q-register fills 
with the least significant half of the product. 

4. As the ALU output is shifted down on each cycle, the sign 
bit of the new partial product should be inserted in the 
RAM MSB shift input. The F 3 flag will be the correct 
sign of the partial product unless overflow has occurred. If 
overflow occurs during an addition or subtraction, the OVR 
flag will go HIGH and F 3 is not the sign of the result. The 
sign of the result must then be the complement of F 3 . The 
correct sign bit to shift into the MSB of the partial product 
Is therefore F3 © OVR; that is, F 3 if overflow has not 
occurred and F 3 if overflow has occurred. On the last cycle, 
when the MSB of the multiplier is examined, a conditional 
subtraction rather than addition should be performed, 
because the sign bit of the multiplier carries negative rather 
than positive arithmetic weight. 

Y = -Y|2' + Yj_, 2'-' + . .. +Yo2'> 

This scheme will produce a correct two's complement 
product for all multiplicands and multipliers in two's 
complement notation. 


Figure 20. Interconnection for Dedicated Multiplication 
(8 by 8 bit) (Corresponding A, B and I 
Connected together). 


Figure 21 is a table showing the input states of the Am2901 
for each step of a signed, two's complement multiplication. 
The Am2904 LSI chip conveniently implements the required 
shift linkages and the EX-OR function for this algorithm. 


Initial Register States 
R 


Ain2901 Microcode 


Final Register States 
R 


Multiplier 


Multiplicand 


Program _ 
Date_ 


2's Comp. Multiply 


8/5/75 


-By. 


Multiplier 


Multiplicand 


LSH Product 


S,F— ► 

0 

Description 

Repeat 

Pin States (Octal) 

Jump 

A 

B 

•876 

•543 

*210 

Cn 

Qo 

Q 3 

RAMo 

RAM 3 

To 

If 

OVA 

Q 

Move Multiplier to Q 

- 

0 

X 

0 

3 

4 

X 

X 

X 

X 

X 



OAB 

B 

Clear R 3 

- 

X 

3 

2 

4 

3 

X 

X 

X 

X 

X 



(0 + B)/2 
(A+B)/2 

B 

Cond. Add & Shift 

n -1 

1 ■ 

3 

4 

0 

1 or 3 
h =QoLO 

0 

- 

RAMo 

- 

F 3 VOVR 



(B-0)/2 

(B-A)/2 

B 

Cond. Subt. & Shift 

- 

1 

3 

4 

1 

1 or 3 
ii=QoLO 

1 

- 

RAMo 


F 3 VOVR 



0 VQ 

B 

Move LSH Prod, to R 2 

- 

X 

2 

2 

3 

2 

X 

X 

X 

X 

X 




X = Don't Care 


F = Function 


D = Destination 


Figure 21. 
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HARDWARE DIVISION 

Division, unlike multiplication, is much more difficult to realize. 
One of these difficulties can be easily understood by visualizing a 
2n-bit Dividend (X) and an n-bit Divisor (Y). The Quotient (Q) can 
range from 1 bit (when X < Y) to 2 n bits (when Y = 1), discarding 
the attempt to divide by 0. In most of the divide functions, the 
Remainder (R) is as important to find as is the Quotient - there is 
no equivalent to it in multiplication. Division becomes even more 
complicated when negative numbers are represented in the 2 ’s 
complement notation. In the “everyday” decimal system, using 
Sign-and-Magnitude notation, dealing with negative numbers is 
relatively easy: The sign of the quotient is determined first and 
then a normal division is performed. Note that in this “normal” 
division we first “guess” the first digit of the quotient by comparing 
the most significant part of the dividend to the divisor. Then verify 
our guess by a multiplication (no “direct” division method is 
known), and continue to do so for all of the other digits, shifting the 
divisor to the right one place at a time. 

The most straightforward division scheme (for unsigned num¬ 
bers) is Subsequent Subtraction. The algorithm is as follows: 
Subtract divisor from dividend and increment a counter (initially 
reset to zero). Continue to do so as long as the Remainder is 
positive. When the Remainder becomes negative cancel the last 
step; i.e., add back divisor and decrement counter. The counter 
will contain the Quotient and the Remainder will be correct. The 
main drawback of this scheme is, of course, the great number of 
arithmetic operations needed. Again, when dealing with signed 
numbers, the subtraction should be substituted by addition and 
vice versa. 

A more rapid division can be realized by calculating the Quotient 
digits instead of counting them. In this algorithm, the divisor is first 
subtracted from the most significant part of the dividend. If 
the remainder is positive, the quotient digit is “ 1 ,” otherwise the 
subtraction is cancelled (by adding the divisor to the remainder) 
and the quotient digit will be “0.” Now shift the remainder one 
place to the right (much like you do in a “paper and pencil” 
division) and repeat until all the quotient digits have been calcu¬ 
lated. This algorithm is called “Restoring Division.” When signed 
numbers are involved, inversion of the operations and the 
quotient digits will be necessary and correction should be per¬ 
formed in some cases. Some time is wasted in the Restoring 
Division because for every “0” digit in the quotient, two arithmetic 
operations are needed. This can be saved in the “Non-Restoring 
Division.” 

The basis of Non-Restoring Division is the same as in Restoring 
Division. Consider first unsigned (positive) numbers only. At the 
beginning, the divisor is subtracted from the most significant part 
of the dividend. If the result (first remainder) is positive (or zero), 
the first quotient digit is “1.” Otherwise, the quotient digit is “0,” 
but do not restore. Shift divisor one place to the right (or remain¬ 
der to the left) and add if fast quotient digit was “ 0 ;” otherwise 
subtract. Determine quotient digit as before and continue until ail 
quotient digits have been computed. The remainder will be cor¬ 
rect if it is non-negative, otherwise correction is needed by a 
restoring operation (on the remainder only). Extreme care should 
be taken of the number of bits and the value of the divisor. 
Assuming the divisor has n bits and the dividend as 2n bits, the 
above process develops n + 1 bits of the quotient. This will not be 
sufficient if the divisor is a small number and more digits are 
needed in the quotient. This condition can be easily detected as 
the most significant half of the dividend will be greater than the 
divisor in this case and division can then be terminated after 
setting the overflow flag. The flow chart for unsigned nonrestoring 
division is shown in Figure 25. 


The unsigned division scheme can be applied to signed positive 
numbers without any change. When negative nurhbers are 
encountered, however, changes in the algorithm are necessary. 
The straightforward method of signed division seems to be “divi¬ 
sion in the first quadrant.” In that scheme, negative numbers are 
2 ’s complemented to obtain positive numbers, remembering the 
changes done. If overflow occurs when the dividend is com¬ 
plemented (i.e., dividend is - 22 n - 1 , the least negative number), 
the overflow flag can be set and an exit from the routine taken. 
This Is due to the fact that (- 22 n - i) divided by any number of 
n-bits cannot be represented in n bits. On the other hand, if 
overflow occurs when the divisor is complemented, a more com¬ 
plex action is needed. In this case, the dividend and the divisor 
should be shifted right by one place and the shifted out bit should 
be stored in a flag, say “Z.” At the same time, a flag, “W” should 
also be set to indicate that division by - 2 '^“'’ is being attemp¬ 
ted. These actions need to be taken since the quotient might be 
representable in n bits. (Here instead of dividend = divisor quo¬ 
tient or remainder, we have dividend /2 = divisor/ 2 * quotient -f 
rem/ 2 . The remainder obtained should be shifted left and the bit 
Z be added to give the correct remainder.) The division is per¬ 
formed on positive numbers, and finally 2 ’s complementing is 
done whenever necessary. Figure 22 is the flowchart for this 
algorithm. 

Figure 23 is the Interconnection Diagram for Division Algorithm. It 
is assumed that the most significant half Dividend is in Register 
Rx (it will be lost during the division and replaced by the Remain¬ 
der), the least significant half in the Q Register and that the Divisor 
is in Register Ry. The Quotient will be generated in the Q register. 

After checking the signs of the Dividend and Divisor, setting the 
flags and negating (using 23 or 24 octal as I 5 through Iq ALU 
control bits) when necessary the overflow condition should be 
checked. If Rx is greater than , then Ry, overflow occurs, hence 
the division can be terminated by setting the overflow flag. 

The first step in the Division routine is a subtract, then shift the Rx 
and Q registers up. Is/e will be 6 in octal while I 210 = 1 in octal and 
I 5 = I 4 = LOW. Pulling the CL bit in the microcode to HIGH, both 
I 3 and Cp will be high and the ALU is performing a 2’s complement 
subtract. The sign of the Remainder will be latched in the Status 
Register and the complement of !t will be stored in the LSB of the 
Q register during the shift up operation, which also discards the 
sign bit of the Remainder. 

Now repeating the same operation for all of the other bits of the 
Remainder with the CL bit in the microcode LOW will leave the 
control of I 3 to the (complemented) previous sign bit. If it was “0” 
(R < 0), I 3 and Cp will be HIGH and the ALU will subtract; if it was 
1 (R > 0), I 3 and Cp will be LOW and the ALU will ADD, as 
required. In each up shift, the complement of the present sign bit 
will be placed at the right of the Quotient, again, as required. 

At the end of the division, the sign bit of the Remainder should be 
examined and if it is HIGH, the Divisor should be added to it. This 
can be easily implemented (not depicted on Figure 23) by per¬ 
forming an unconditional ADD (with Cp LOW), letting I 2 LOW, 
Iq HIGH and controlling h by the complement of the sign of the 
Remainder, thus adding to the RX either RY (if Rg = 1) or zero (if 
Rs = 0). if the dividend and divisor were shifted right because the 
divisorwas equal to-2'’^~'’, the true remainder Is obtained by 
shifting the remainder left and adding the flag “Z. ” The above 
method generates n + 1 bits of the quotient (qp... qo) of which qp 
= 0 , since most significant half of dividend is less than the divisor. 
The overflow flag should be set If qp _ 1 = 1 since qp-i ... qo is 
an unsigned positive number. 
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SHIFT DIVISOR 
RIGHT (LOGICAL) 


SHIFT DIVIDEND 
RIGHT (LOGICAL) 



Figure 22. Flowchart for Division with Signed Numbers (Quotient = qp, dn - 1 • ■ • do where pn = 0) 
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STATUS REGISTER 



CL TO I 3 (ALU FUNCTION) 


FROM PIPELINE 
REGISTER 


Figure 23. Interconnections for Dedicated Division 


Initial Register Status 

R 


0 

MSH Dividend 

1 

Divisor 

Q 

LSH Dividend 


Am2901 Microcode 


Program: 2’s Complement Division 


Final Register Status 

R 


0 

Remainder 

1 

Divisor 

Q 

Quotient 


S, F 

D 

Description 

CL 

Repeat 

Pin Status (Octal) 

Jump 

A 

B 

1876 

>543 

I 210 

Cn 

Qo 

Q 3 

RAMo 

RAM 3 

to if 

(B-A) *2 

B 

First Subtract & Shift 

1 

- 

1 

0 

6 

1 

1 

1 

F3 

X 

0 

X 


(B±A) *2 

B 

Loop Subtract/Add & Shift 

0 

N 

1 

0 

6 

1/0 

1 

1/0 

F3 

X 

0 , 

X 


B+0 

B 

Correct Remainder 

X 

- 

1 

0 

3 

0 ' 

1/3 

0 

X 

X 

X 

X 



k = Number of leading zeros of the Divisor 
N = Number of bits in the Divisor 


Figure 24. Am2901 Microcode for Dedicated Division 
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Figure 25. Flowchart for Nonrestoring Division (Unsigned Numbers) 


Finally, the Quotient and/or Remainder should be 2’s com¬ 
plemented again according to the flags. Complementation of 
the remainder cannot generate an overflow - because the max¬ 
imum remainder after divide (Figure 25) is 0011 ... 1 and the 
remainder correction when W = 1 can make the remainder at 
most 0111 ... 1 . 

EXAMPLES OF SOME OTHER OPERATIONS 
1. Byte Swapping 

Occasionally the two halves of a 16-bit yvord must be swap¬ 
ped. Dq - 7 is interchanged with Ds - 15 . The quickest way to 
perform this operation is to rotate the word in RAM, shifting two 
bits at a time. Only four shift cycles are required. The same 
register is selected on both the A and B ports; the two are 
added together with carry-in connected to carry-out, produc¬ 
ing a right shift of one place; then the ALU is shifted right one 
more place prior to storage. 

Byte Swap of Rq 

A = B = 0 I - 701 RAMq = RAM^S C|n = Cqut 
R epeat 4 times. 


2. Instruction Fetch Cycle 

Execution of a macroinstruction generally begins with an in¬ 
struction fetch cycle. The current contents of the PC (in one of 
the registers) is the address of the macroinstruction to be 
fetched, and must be read out to the memory address register. 
Then the PC is incremented to point to the next macroinstruc¬ 
tion. The macroinstruction obtained from memory is then 
loaded into the microprogram sequencer to cause a jump to 
the microcode for executing the instruction. 

The PC can be read out and incremented in one cycle by using 
the Am2901 destination code 2, and addressing the PC with 
both the A and B addresses. The current value of PC will 
appear on the Y outputs, and PC-M will be returned to the 
register. If the PC is in register 15, then: 

A = B = 15, I = 203, Carry-in = 1 
The PC will be on the Y outputs via the RAM A-port. On the 
clock LOW-to-HIGH transition, the program counter is in¬ 
cremented and the value on the Y outputs is loaded into the 
memory address register. During the following cycle, the 
memory is read and, on the next clock LOW-to-HIGH transi¬ 
tion the instruction from the memory is dropped into the in¬ 
struction register. The fetch operation requires only two mi¬ 
crocycles. 
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Am2902A 

High-Speed Look-Ahead Carry Generator 


DISTINCTIVE CHARACTERISTICS 

• Provides look-ahead carries accross a group of four Am2901 
or Am2903 microprocessor ALU’s 

• Capability of multi-level look-ahead for high-speed 
arithmetic operation over large word lengths 

• Typical carry propagation delay of 4.5ns 


RELATED PRODUCTS 
Part No. Description 

Am2901 4-Bit Microprocessor Slice 

Am2903 4- Bit Microprocessor Slice 

Am29203 improved 2903 

Am29501 Multiport Pipelined Processor 


FUNCTIONAL DESCRIPTION 

The Am2902A is a high-speed, look-ahead carry generator 
which accepts up to four pairs of carry propagate and carry 
generate signals and a carry input and provides anticipated 
carries across four groups of binary ALU’s. The device also 
has carry propagate and carry generate outputs which may be 
used for further levels of look-ahead. 

The Am2902A is generally used with the Am2901 bipolar 
microprocessor unit to provide look-ahead over word lengths 
of more than four bits. The look-ahead carry generator can be 
used with binary ALU’s in an active LOW or active HIGH Input 
operand mode by reinterpreting the carry functions. The con¬ 
nections to and from the ALU to the look-ahead carry 
generator are identical in both cases. 

The logic equations provided at the outputs are: 

Cn+x = Go + PoCn 

Gn+y = Gi + PiGo + PiPoCn 

Gn+z = G2 + P2G1 + P2P1G0 + PaPiPoGn 

G = G 3 + P 3 G 2 + P 3 P 2 G 1 + P 3 P 2 P 1 G 0 

P =P 3 P 2 PlPo 


LOGIC DIAGRAM 
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Am2902A 


MAXIMUIVI RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential 

-0.5V to +7.0V 

DC Voltage Applied to Outputs for HIGH Output State 

-0.5V to +Vcc nnax. 

DC Input Voltage 

-0.5V to +5.5V 

DC Output Current, Into Outputs 

30 mA 

DC Input Current 

-30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am2902AXC = 0 C to+70 C 

Am2902AXM =-55°C to+125°C 

Parameters Description 


Vcc = 5.0V ±5% (COM'L) MIN. = 4.75V 

Vcc = 5.0V ±10% (MIL) MIN. = 4.50V 

Test Conditions (Note 1 ) 


MAX. = 5.25V 
MAX. = 5.50V 

Min. 


Typ. 

(Note 2) 


Max. 


Units 


Vqh 

Output HIGH Voltage 

Vcc = M'N ' 'oh = - 1 mA 

V|N = V|H or V|L 

MIL 

2.5 

3.4 


Volts 

COM 

2.7 

3.4 

VOL 

Output LOW Voltage 

Vcc = ' 'OL = 20mA 

V|N = V|H or V|L 



0.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc “ MIN., I||\j = —18mA 



- 1.2 

Volts 

l|L 

Input LOW Current 

Vcc = max ., ViN = 0.5V 

Cn 



-2 

mA 

P3 



-4 

P 2 



-6 

% Pi. ^3 



-8 

Gq, G 2 



-14 

Gl 



-16 

•iH 

Input HIGH Current 

Vcc = max., V|N = 2.7V 

On 



50 

ma 

P3 



100 

P 2 



150 

PQ.Pl. G 3 



. 200 

Gq. G 2 



350 

Gl 



400 

«l 

Input HIGH Current 

Vcc = max., V|n = 5.5V 



1.0 

mA 

•sc 

Output Short Circuit 
(Note 3) 

Vcc = max., VquT = O-OV 

-40 


-100 

mA 

•cc 

Power Supply Current 

Vcc = max. 

All Outputs LOW 

MIL 


69 

99 

mA 

COM'L 


69 

109 

Vcc = max. 

All Ouputs HIGH 

MIL 


35 


mA 

COM'L 


35 




1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device t 

2. Typical limits are at V^c “ 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


SWITCHING CHARACTERISTICS 

(Ta = +25°C, Vcc = 5.0V) 


Parameters 

Description 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

IPLH 

Cn to Cn+x> Gn+y, or 


6.5 

10 

ns 


IPHL 


7 

10.5 


IPLH 


' 

4.5 

7 



IPHL 

rj or L>j 10 On+x. '>'n+y> or '.^n+z 


4.5 

7 


Cl = 15pF 

IPLH 

Pj or Gj to G 


5 

7.5 

ns 

Rl = 280ft 

IPHL 


7 

10.5 


IPLH 

PjtoP 


4.5 

6.5 



IPHL 


6.5 

i_ 
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SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 




Ta = O^c to +70"C 
Vcc = 5.0V ±5% 

Ta= -55Xto+125“C 
Vcc = 5.0V ±10% 



Parameters 

Description 

Min. 

Max. 

Min. 

Max. 

Units 

Test Conditions 

fpLH 

Cn to Cn+x. Cn+y, Or Cn+z 


13 


15 

ns 


fpHL 


14 


16.5 

ns 


tpLH 

P| or Gi to Cn+x. Cp+y. or Cn+z 


8 


9.5 

ns 


fpHL 


9 


11.5 

ns 

Cl = 50pF 

fPLH 

Pj or Gj to G 


12 


16.5 

ns 

Rl = 280fl 

fpHL 


12 


13.5 

ns 


fpLH 

PjtoP 


9.5 

. J 

11.5 

ns 


fpHL 


11 

1 

12 

ns 



*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


DEFINITION OF FUNCTIONAL TERMS 

Cn Carry-in. The carry-in input to the look-ahead generator. Also 
the carry-in input to the lith Am2901 A microprocessor ALU Input. 

Cn+j Carry-out. (j = x, y, z). The carry-out output to be used at 
the carry-in inputs of the n -i-1, n -i- 2 and n+3 microprocessor ALU 
slices. 


TRUTHTABLE 


Inputs 

Outputs 

C„ Go Po G, P, P, G, P, 

^n+x^n+y^n+z® ^ 

X H H 

L 

L H X 

L 

X L X 

H 

H X L 

H 


Gj, Pj Generate and propagate inputs respectively (I = 0, 1,2, 
3). The carry generate and carry propagate inputs from the n, 
n+l, n-i-2 and n-i-3 microprocessor ALU slices. 

G, P Generate and propagate outputs respectively. The carry 
generate and carry propagate outputs that can be used with the 
next higher level of carry look-ahead if used. 


METALLIZATION AND PAD LAYOUT 


Vcc 


14 G2 



H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 


DIE SIZE 0.062" X 0.067" 
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ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

Package Type Operating Range Screening Level 

Order Number (Note 1) (Note 2) (Note 3) 

AM2902APC 

P-16 

C 

C-1 

AM2902ADC 

D-16 

C 

C-1 

AM2902ADC-B 

D-16 

C 

B-1 

AM2902ADM 

D-16 

M 

C-3 

AM2902ADM-B 

D-16 

M 

B-3 

AM2902AFM 

F-16 

M 

C-3 

AM2902AFM-B 

F-16 

M 

B-3 

AM2902ALC 

L-20-1 

C 

C-1 

AM2902ALC-B 

L-20-1 

C 

B-1 

AM2902ALM 

L-20-1 

M 

C-3 

AM2902ALM-B 

L-20-1 

M 

B-3 

AM2902AXC 

Dice 

C 

] Visual inspection 

AM2902AXM 

Dice 

M 

\ to MIL-STD-883. 




j Method 201 OB. 

Notes: 1. P = Molded DIP, D = 

Hermetic DIP, L = Chip-Pak, F = 

Flat-Pak. Number following letter is number of leads. 

See Appendix B for detailed outline. Where Appendix B contains several dash numbers, any of the variations of 

the package may be used unless otherwise specified. 



2 . C = 0to+70°C.Vcc 

= 4.75 to 5.25V, M = -55 to +^25°C, Vcc = 4.50 to 5.50V. 


3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 

conforms to MIL-STD-883, Class B. 
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Am2903/2903A 

Four •Bit Bipolar Microprocessor Slice 


DISTINCTIVE CHARACTERISTICS 

• Expandable Register File - 

Like the Am2901, the Am2903 contains 16 internal 
working registers arranged in a two-address architec¬ 
ture. But the Am2903 includes the necessary “hooks” to 
expand the register file externally to any number of 
registers. 

• Built-in Multiplication Logic ~ 

Performing multiplication with the Am2901 requires a 
few external gates - these gates are contained on-chip 
in the Am2903. Three special instructions are used for 
unsigned multiplication, two’s complement multiplication 
and the last cycle of a two’s complement multiplication. 

• Built-in Division Logic - 

The Am2903 contains all logic and interconnects for 
execution of a non-restoring, multiple-length division 
with correction of the quotient. 

• Built-in Normalization Logic - 

■The Am2903 can simultaneously shift the Q Register 
and count in a working register. Thus, the mantissa and 
exponent of a floating-point number can be developed 
using a single microcycle per shift. Status flags indicate 
when the operation is complete. 

• Built-in Parity Generation Circuitry - 

The Am2903 can supply parity across the entire ALU 
output for use in error detection. 

• Built-in Sign Extension Circuitry - 

To facilitate operation on different length two’s comple¬ 
ment numbers, the Am2903 provides the capability to 
extend the sign at any slice boundary. 

• Fast ~ 

The Am2903A is up to 30% faster than the Am2903 and 
meets or exceeds all of the specifications for the 
Am2903. 

• IMOX - 

The Am2903A is processed with AMD’s proprietary 
IMOX™ technology. 


RELATED PRODUCTS 

Part No. Description Page 


Am2902A 

Carry Look-Ahead Generator 

Am2904 

Status and Shift Control Unit 

Am2910A 

Microprogram Controller 

Am2914 

Vectored Priority interrupt Controller 

Am2918 

Pipeline Register 

Am2920 

Octal Register 

Am2922 

Condition Code MUX 

Am2925 

System Clock Generator 

Am2940 

DMA Address Generator 

Am2952 

Bidirectional I/O Port 

Am29705A 

Two-Port RAM, 

Am27S35 

Registered'PROM 


GENERAL DESCRIPTION 

The Am2903 is a four-bit expandable bipolar micro¬ 
processor slice. The Am2903 performs all functions per¬ 
formed by the industry standard Am2901 and, in addition, 
provides a number of significant enhancements that are 
especially useful in arithmetic-oriented processors. Infi¬ 
nitely expandable mennory and three-port, three-address 
architecture are provided by the Am2903. In addition to its 
complete arithmetic and logic instrudtion set, the Am2903 
provides a special set of instructions which facilitate the 
implementation of multiplication, division, normalizatiori, 
and other previously time-consuming operations. The 
Am2903A is identical to the Am2903 but up to 30% faster. 


BLOCK DIAGRAM 



Notes: 1. DAq-s is input only on Am2903, but is I/O port on 
Am29203. 

2. On Am2903, zero logic is connected to Y, after the 

OEy buffer._ _ 

3. On Am2 903 lEN controls WRITE. On Am29203 
WRITE is not affected by lEN. 


MPR-030 


IMOX is a trademark of Advanced Micro Devices, Inc. 
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LOGIC SYMBOL 


DIP 

D-48 


CONNECTION DIAGRAMS 
Top Views 

Leadless Chip Carrier 
L-52-1 



Vcc = Pin 36 
GND = Pin 13 






Note: Pin 1 is marked for orientation. 


ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Am2903 Package Type Operating Range Screening Level 

Order Number (Notel) (Note 2) (Note 3) 


AM2903DC 

D-48 

C 

C-1 

AM2903DC-B 

D-48 

C 

B-2 (Note 4) 

AM2903DM 

D-48 

M 

C-3 

AM2903DM-B 

D-48 

M 

B-3 

AM2903FM 

F-48 

M 

C-3 

AM2903FM-B 

F-48 

M 

B-3 

AM2903LC 

L-52 

C 

C-1 

AM2903LM 

L-52 

M 

C-3 

AM2903LM-B 

L-52 

M 

B-3 

AM2903XC 

Dice 

C 

\ Visual inspection 
[ to MIL-STD-883 

J Method 2010B. 

AM2903XM 

Dice 

M 

Notes: 1. P = Molded DIP, D 

= Hermetic DIP, F = 

Flat Pak, L = 

Leadless Chip-Pak. 


Number following letter is number of leads. See Appendix B for detailed outline. 

2. C = 0 to -f 70°C, Vcc = 4.75 to 5.25V. M = -55 to +125°C, Vcc = 4.50 to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, 
Class C. Level B-3 conforms to MIL-STD-883, Class B. 

4. 96 hour burn-in. 
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PIN DEFINITIONS 


Ao _3 Four RAM address Inputs which contain the 
address of the RAM word appearing at the 
RAM A output port. 

Bo -3 Four RAM address Inputs which contain the address 
of the RAM word appearing at the RAM B output 
port and into which new data is written when the 
WE Input and the CP input are LOW. 

WE The RAM write enable input. If WE is LOW, data 
at the Y I/O port is written into the RAM when 
the CP input is LOW. When WE is HIGH, 
writing data into the RAM is inhibited. 

DAo -3 a four-bit external data input which can be 
selected as one of the Am2903 ALU operand 
sources; DAq is the least significant bit. 

EA A control input which, when HIGH selects DA 0-3 as the 

ALU R operand, and, when LOW, selects RAM output 
A as the ALU R operand and the DA 0-3 output data. 

DBo -3 a four-bit ext ernal data Input/output. Under 
control of the OEb input, RAM output port B 
can be directly read on these lines, or input 
data on these lines can be selected as the 
ALU S operand. 

OEb a control input which, when LOW, enables RAM 
output B onto the DB 0-3 and, when HIGH, 
disables the RAM output B tri-state buffers. 

Cn The carry-in Input to the Am2903 ALU. 

lo _8 The nine instruction inputs used to select the 
Am2903 operation to be performed. 

lEN The instruction enable input which, when LOW, allows 

the Q Registe r and the Sign Compare flip-flop to be 
written. When lEN is HIGH, the Q Register and Sign 
Compare flip-flop are In the ho ld mode. On the 
Am2903, lEN also controls WRITE. 

Cn +4 This output generally indicates the carry-out of the 
Am2903 ALU. Refer to Table 5 for an exact definition 
of this pin. 

G/N A multi-piKpose pin which Indicates the carry 
generate, G, function at the least significant and 
intermediate slices, and generally indicates the 
sign, N, of the ALU result at the most significant 
slice. Refer to Table 5 for an exact definition of 
this pin. 

P/OVR A multi-purpose pin which indicates the carry prop¬ 
agate, P, function at the least significant and inter¬ 
mediate slices, and Indicates the conventional two’s 
complement overflow, OVR, signal at the most sig¬ 
nificant slice. Refer to Table 5 for an exact definition 
of this pin. 

Z An open-collector input/output pin which, when HIGH, 
generally indicates the outputs are all LOW. For some 
Special Functions, Z is used as an input pin. Refer to 
Table 5 for an exact definition of this pin. 

SIOq, Bidirectional serial shift inputs/outputs for the 

SIO 3 ALU shifter. During a shift-up operation, SIOq 
is an input and SIO 3 an output. During a 
shift-down operation, SIO 3 is an Input and SIOq 
is an output. Refer to Tables 3 and 4 for an exact 
definition of these pips. 


QIOq, Bidirectional serial shift inputs/outputs for the Q 

QIO 3 shifter which operate like SIOq and SIO 3 . Refer 
to Tables 3 and 4 for an exact definition of 
these pins. 

LSS An input pin which, when tied LOW, programs the 
chip to act as the least significa nt slice (LSS) of an 
Am2903 array and enables the WRITE output onto 
the WRITE/MSS pin. When LSS is tied HIGH, the 
chip is programmed to operate as eith er an i nter- 
mediate or most significant slice and the WRITE out¬ 
put buffer is disabled. 

WRITE/ When LSS is tied LOW, t he WRIT E output signal 

MSS appears at this pin; the WRITE signal is LOW 
when an Instruction which writes da ta into 
the RAM is being executed. When LSS is tied 
HIGH, WRITE/MSS is an input pin; tying it HIGH 
programs the chip to operate as an inter¬ 
mediate slice (IS) and tying it LOW programs the 
chip to operate as the most significant slice (MSS). 

Yo _3 Four data input s/outputs of the Am2903. Under con¬ 
trol of the OEy input, the ALU shifter output data can 
be enabled onto these lines, or these lines can be 
used as data inputs when external data is written 
directly into the RAM. 

OEy A control input which, when LOW, enables 
the ALU shifter output data onto the ¥ 3-3 lines 
and, when HIGH, disables the Y 0-3 three- 
state output buffers. 

CP The clock input to the Am2903. The Q Register and 
Sign Compare flip-flop are clocked on the LOW-to- 
HIG H transition of the CP signal. When enabled by 
WE, data is written in the RAM when CP is LOW. 


METALLIZATION AND PAD LAYOUT 


\ i 


6 5 4 

I I 


2 1 48 47 46 45 44 43 

M M / / / / 




j—37 

i-GND 

- 36 (Vcc) 






— 31 

— 30 




I 1 / // rrrw 

21 22 GND 23 24 25 26 27 28 29 


DIE SIZE 0.163” X 0.197” 
Note: Pin numbers correspond 
to DIP package. 
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ARCHITECTURE OF THE Am2903 

The Am2903 is a high-performance, cascadable, four-bit 
bipolar microprocessor slice designed for use in CPU’s, 
peripheral controllers, microprogrammable machines, and 
numerous other applications.The microinstruction flexibility of 
the Am2903 allows the efficient emulation of almost any digital 
computing machine. The nine-bit microinstruction selects the 
ALU sources, function and destination. The Am2903 is cas¬ 
cadable with full lookahead or ripple carry, has three-state out¬ 
puts, and provides various ALU status flag outputs. Advanced 
Low-Power Schottky processing is used to fabricate this 48-pin 
LSI circuit. 

All data paths within the device are four bits wide. As shown In the 
block diagram, the device consists of a 16-word by 4-blt, two-port 
RAM with latches on both output ports, a high-performance ALU 
and shifter, a multi-purpose Q Register with shifter input, and a 
nine-bit instruction decoder. 

Two-Port RAM 

Any two RAM words addressed at the A and B address ports can 
be read simultaneously at the respective RAM A and B output 
ports. Identical data appear at the two output ports when the 
same address is applied to both address ports. The latches at the 
RAM output ports are transparent when the clock Input, CP, is 
HIGH and they hold the RAM output data when CP is LOW. 
Under control of the OEq three-state output enable, RAM data 
can be read directly at the Am2903 DB I/O port. 

External data at the Am2903 Y I/O port can be written directly 
into the RAM, or ALU shifter output data can be enabled onto 
the Y I/O port and entered into the RAM. Data is written into 
the RAM at the B address when the write enable Input, WE, is 
LOW and the clock input, CP, is LOW. 

Arithmetic Logic Unit 

The Am2903 high-performance ALU can perform seven arithme¬ 
tic and nine logic operations on two 4-bit operands. Multiplexers 
at the ALU Inputs provide the capability to select various pairs of 
ALU source operands. The Ea input selects either the DA exter¬ 
nal data inpu t or RAM output port A for use as one ALU operand 
and the OEb and Iq inputs select RAM output port B, DB external 
data input, or the Q Register content for use as the second ALU 
operand. Also, during some ALU operations, zeroes are forced at 
the ALU operand inputs. Thus, the Am2903 ALU can operate on 
data from two external sources, from an internal and external 
source, or from two internal sources. Table I shows all po ssible 
pairs of ALU source operands as a function of the Ea, OEb, and Iq 
inputs. 

When instruction bits I 4 , Is, I 2 , ii, and Iq are LOW, the Am2903 
executes special functions. Table 4 defines these special func¬ 
tions and the operation which the ALU performs for each. When 
the Am2903 executes instructions other than the nine special 


TABLE L ALU OPERAND SOURCES 



■o 

OEb 

ALU Operand R 

ALU Operand S 

L 

L 

L 

RAM Output A 

RAM Output B 

L 

L 

H 

RAM Output A 

DBo-3 

L 

H 

X 

I^AM Output A 

Q Register 

H 

L 

L 

DAq-s 

RAM Output B 

H 

L 

H 

DAo-3 

DB 0.3 

H 

H 

X 

DA0.3 

Q Register 


L = LOW H = HIGH X = Don’t Care 


functions, the ALU operation Is determined by instruction bits I 4 , 
I 3 , 12 , and l-i. Table 2 defines the ALU operation as a function of 
these four instruction bits. 


TABLE 2. Am2903 ALU FUNCTIONS 


>4 

I 3 

I 2 

h 

Hex Code 

ALU Functions 

L 

L 

L 

L. 

0 

Iq = L 

Special Functions 






Iq = H 

Fj = HIGH 

L 

L 

L 

H 

1 

F = S Minus R Minus 1 Plus Cp 

L 

L 

H 

L 

2 

F = R Minus S Minus 1 Plus Cp 

L 

L 

H 

H 

3 

F = R Plus S Plus Cp 

L 

H 

L 

L 

4 

F = S Plus Cp 

L 

H 

L 

H 

5 

F = S Plus Cp 

L 

H 

H 

L 

6 

F = R Plus Cp 

L 

H 

H 

H 

7 

F = R Plus Cp 

H 

L 

L 

L 

8 

Fj = LOW 

H 

L 

L 

H * 

9 

Fj = Rj AND Si 

H 

L 

H 

L 

A 

Fj = Rj EXCLUSIVE NOR Si 

H 

L 

H 

H 

B 

Fj = Rj EXCLUSIVE OR Si 

H 

H 

L 

L 

C 

Fj = Rj AND Si 

H 

H 

L 

H 

D 

Fj = Rj NOR Si 

H 

H 

H 

L 

E 

Fj = Rj NAND Si 

H 

H 

H 

H 

F 

Fj = Ri OR Si 


L = LOW H = HIGH i = 0 to 3 


Am2903s may be cascaded in either a ripple carry or 
lookahead carry fashion. When a number of Am2903s are cas¬ 
caded, each slice must be programmed to be a most significant 
slice (MSS), intermediate slice (IS), or least significant slice 
(LSS) of the array. The carry generate, G, and carry propagate, 
P, signals required for a lookahead carry scheme are gener¬ 
ated by the Am2903 and are available as outputs of the least 
significant and intermediate slices. 

The Am2903 also generates a carry-out signal, Cp + 4 , which 
is generally available as an output of each slice. Both the 
carry-in, Cp, and carry-out, Cn+ 4 , signals are active HIGH. The 
ALU generates two other status outputs. These are negative, N, 
and overflow, OVR. The N output Is generally the most signifi¬ 
cant (sign) bit of the ALU output and can be used to determine 
positive or negative results. The OVR output indicates that the 
arithmetic operation being performed exceeds the available 
two’s complement number range. The N and OVR signals are 
available as outputs of_the most significant sHce. Thus, the 
multipurpose G/N and P/OVR outputs indicate G and P at the 
least significant and intermediate slices, and sign and overflow 
at the most signific^t slice. To some extent, the meaning of the 
Cn+ 4 , P/OVR, and G/N signals vary with the ALU function being 
performed. Refer to Table 5 for an exact definition of these four 
signals as a function of the Am2903 instruction. 

ALU Shifter 

Under instruction control, the ALU shifter passes the ALU output 
(F) non-shifted, shifts it up one bit position (2F), or shifts it down 
one bit position (F/2). Both arithmetic and logical shift operations 
are possible. An arithmetic shift operation shifts data around the 
most significant (sign) bit position of the most significant slice. 
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and a logical shift operation shifts data through this bit position 
(see Figure A). SIOq and SIO3 are bidirectional serial shift 
inputs/outputs. During a shift-up operation, SIOq is generally a 
serial shift input and SIO3 a serial shift output. During a shift-down 
operation, SIO3 is generally a serial shift input and SIOq a serial 
shift output. 

To some extent, the meaning of the SIOq and SIO 3 signals Is 
instruction dependent. Refer to Tables 3 and 4 for an exact 
definition of these pins. 


Figure A. 

Am2903 Arithmetic Shift Path 


/fTft 


rr-r 


"T 


,1 .. 


Least 

Significant or 
interntediate Slice 


The ALU shifter also provides the capability to sign extend at slice 
boundaries. Under instruction control, the SIOq (sign) Input can 
be extended through Yq, Y^, Y 2 , Y 3 and propagated to the SIO 3 
output. 

A cascadable, five-bit parity generator/checker is designed into 
the Am2903 ALU shifter and provides ALU error detection 
capability. Parity for the Fq, Fi, F 2 , F 3 ALU outputs and SIO 3 
input is generated and, under instruction control, is made avail¬ 
able at the SIOq output. Refer to the Am2903 applications 
section for a more detailed description of the Am2903 sign ex¬ 
tension and parity generation/checking capability. 

The Instruction Inputs determine the ALU shifter operation. Table 
4 defines the special functions and the operation the ALU shifter 
performs for each. When the Am2903 executes instructions 
other than the special functions, the ALU shifter, operation Is de¬ 
termined by instruction bits Is, I 7 , le, Table 3 defines the ALU 
shifter operation as a function of these four bits. 

Q Register 

The Q Register is an auxiliary four-bit register which is clocked on 
the LOW-to-HIGH transition of the CP input. It Is intended primar¬ 
ily for use in multiplication and division operations; however, It 
can also be used as an accumulator or holding register for some 
applications. The ALU output, F, can be loaded into the Q Regis¬ 
ter, and/or the Q Register can be selected as the source for the 
ALU S operand. The shifter at the input to the Q Register provides 
the capability to shift the Q Register contents up one bit position 
( 2 Q) or down one bit position (Q/ 2 ). Only logical shifts are per¬ 
formed. QIOq and QIO 3 are bidirectional shift serial inputs/ 
outputs. During a Q Register shift-up operation, QIOq is a serial 


Am2903 Logical Shift Path 


SIO 


3 


All 

Slice Positions 


SIOq 


shift Input and QIO3 is a serial shift output. During a shift-down 
operation, QIO3 is a serial shift input and QIOq is a serial shift 
output. 

Double-length arithmetic and logical shifting capability is pro¬ 
vided by the Am2903. The double-length shift is performed by 
connecting QIO 3 of the most significant slice to SIOq of the 
least significant slice, and executing an instruction which shifts 
both the ALU output and the Q Register. 

The Q Register and shifter are controlled by the instruction in¬ 
puts. Table 4 defines the Am2903 special functions and the 
operations which the Q Register and shifter perform for each. 
When the Am2903 executes instructions other than the special 
functions, the Q Register and shifter operation is controlled by 
instruction bits Is, I 7 , le, Is- Table 3 defines the .Q Register and 
shifter operation as a function of these four bits. 

Output Buffers 

The DB and Y ports are bidirectional I/O ports driven by 
three-state output buffers with external outp ut en able controls. 
The Y output buffers are enabled when the OEy input is LOW 
and are in the high impedance state w hen O Ey is HIGH. The 
DB output buffers are enabled when the OEg input is LOW. 


TABLE 3. ALU DESTINATION CONTROL FOR Iq OR 1^ OR I 2 OR I 3 = HIGH, lEN = LOW. 








SIO 3 

Y 3 

Y 2 





QRegA 

Shifter 

Function 



*8 

'7 

'e 

'5 

Hex 

Code 

ALU Shifter 
Function 

Most Sig. 
Siice 

other 

Slices 

Most Sig. 
Siice 

other 

Slices 

Most Sig. 
Siice 

Other 

Slices 


Yq 

SIOq 

Write 

QiOg 

QIOq 

L 

L 

L 

L 

0 

Arith. F/2-+Y 

Input 

Input 

F 3 

SIO 3 

SIO 3 

F 3 

Fa 

Fi 

Fo 

L 

Hold 

Hi-Z 

Hi-Z 

L 

L 

L 

' H 

1 

Log. F/2-*Y 

Input 

Input 

S 1 O 3 

SIO 3 

F 3 

F 3 

Fa 

Fi 

Fo 

L 

Hold 

Hi-Z 

Hi-Z 

U 

L 

H 

L 

2 

Arith. F/2-Y 

Input 

Input 

F 3 

SIO 3 

SIO 3 

F 3 

Fa 

Fi 

Fo 

L 

Log. 0/2-0 

Input 

Qo 

L 

L 

H 

H 

3 

Log. F/2-^Y 

Input 

Input 

SIO 3 

SIO 3 

F 3 

F 3 

Fa 

Fi 

Fo 

L 

Log. 0/2—0 

Input 

Qo 

L 

H 

L 

L 

4 

F-+Y 

Input 

Input 

F 3 

F 3 

F 2 

F 2 

F, 

Fq 

Parity 

L 

Hold 

Hi-Z 

Hi-Z 

L 

H 

L 

H 

5 

F-*Y 

Input 

Input 

F 3 

F 3 

F 2 

F 2 

Fi 

Fo 

Parity 

H 

Log. 0/2-0 

input 

Qo 

L 

H 

H 

L 

6 

F-*Y 

Input 

Input 

F 3 

F 3 

F 2 

F 2 

F, 

Fo 

Parity 

H 

F-0 

Hi-Z 

Hi-Z 

~T~ 

H 

H 

H 

7 

F-»Y 

Input 

Input 

F 3 

F 3 

F 2 

>2 

Fi 

Fo 

Parity 

L 

F-0 

Hi-Z 

Hi-Z 

H 

L 

L 

L 

a 

Arith. 2 F-+Y 

Fa 

F 3 

. P 3 

F 2 

Ft 

Fi 

Fo 

SlOo 

Input 

L 

Hold 

Hi-Z 

Hi-Z 

H 

L 

L 

~H~ 

9 

Log. 2F-»Y 

F 3 

F 3 

F 2 

*^2 

Fi 

Fi 

Fo 

SlOo 

Input 

L 

Hold 

Hi-Z 

Hi-Z 

H 

L 

H 

L 

A 

Arith. 2F-»Y 

F 2 

F 3 

F 3 

F 2 

F, 

Fi 

■"o 

SlOo 

Input 

L 

Log. 20-0 

Q 3 

Input 

IT” 

L 

H 

H 

B 

Log. 2 F^Y 

F3 

F3 

F 2 

F 2 

Fi 

Fi 

Fo 

SlOo 

Input 

L 

Log. 20-0 

Q 3 

Input 

IT” 

H 

L 

L 

c 

F-*Y 

F3 

F3 

F 3 

F3 

F 2 

F 2 

Fi 

Fo 

Hi-Z 

H 

Hold 

Hi-Z 

Hi-Z 

IT” 

~H 

L 

H 

D 

F-Y 

F3 

F3 

F3 

F3 

Fa 

F 2 

Fi 

Fo 

Hi-Z 

H 

Log. 20-0 

Q 3 

Input 

H 

H 

H 

L 

E 

SIOo-Yq, Yi. Y 2 , Y 3 

SIOq 

SIOq 

SlOo 

SlOo 

SIOq 

SlOo 

SlOo 

SlOo 

Input 

L 

Hold 

Hi-Z 

Hi-Z 

TT 

H 

H 

H 

F 

F-Y 

F3 

F3 

F 3 

F 3 

F 2 

F 2 

Fi 

Fo 

Hi-Z 

L 

Hold 

Hi-Z 

Hi-Z 


Parity = F3V F2 V Fi V Fq Y SI03 L = LOW Hi-Z = High Impedance 

V = Exclusive OR H = HIGH 
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Ani2903/2903A 

TABLE 4. SPECIAL FUNCTIONS FOR I 4 = I 3 = I 2 = H = Iq = LOW (Note 4) 


(Hex) 

I8l7*6l5 

Special 

Function 

ALU Function 

ALU Shifter 
Function 

SIO 3 

SlOo 

Q Reg & 
Shifter 
Function 

0103 

QlOo 


Most Sig 
Slice 

Other 

Slices 

WRITE 

0 

Unsigned Multiply 

F=S-^CnifZ=L 

F=R-f-S + CnifZ=H 

Log F/2 Y 
(Note 1) 

z 

Input 

Fo 

Log Q/2 
-^Q 

Input 

Qo 

L 

1 

(Note 5) 










2 

Two’s Complement 
Multiply 

F=S-HCnifZ=L 

F=R + S-HCnifZ=H 

Log F/2 ^ Y 
(Note 2) 

z 

Input 

Fo 

Log Q/2 

Input 

Qo 

L 

3 

(Note 5) 










4 

Increment by 

One or Two 

F = S + 1 -H Cn 

F ^ Y 

Input 

Input 

Parity 

Hold 

Z 

z 

L 

5 

Sign/Magnitude 
Two’s Complement 

F=S-hCn ifZ=L 
F=S-f-CnifZ=H 

F ^ Y 
(Note 3) 

Input 

Input 

Parity 

Hold 

Z 

z 

L 

6 

Two’s Complement 
Multiply, Last Cycle 

F=S-^CnlfZ=L 

F=S-R-1+CnifZ=H 

Log F/2 Y 
(Note 2) 

Z 

Input 

Fo 

Log Q/2 

Input 

Qo 

L 

7 

(Note 5) 










8 

-- 1 

Single Length 
Normalize 

F=S + Cn 

F Y 

F 3 

F 3 

Z 

Log 2Q 
^Q 

Q 3 

Input 

L 

9 

Binary to BCD 
Conversion 

(Note 5) 

Log 2F Y 

F 3 

F3 

Input 

Log 2Q 

-^Q 

Q 3 

Input 

L 

A 

Double Length 
Normalize and First 
Divide Op 

F=S + Cn 

Log 2F Y 

R 3 V F3 

F 3 

Input 

Log2Q 

-^Q 

Q 3 

Input 

L 

B 

(Note 5) 










C 

Two’s Complement 
Divide 

F=S + R + CnifZ=L 
F=S-R-1-hCnifZ=H 

Log 2F Y 


F 3 

Input 

Log 2Q 
^Q 

Q 3 

Input 

L 

R 3 V F 

D 

(Note 5) 










E 

Two’s Complement 
Divide Correction 
and Remainder 

F=S + R + Cn ifZ=L 

F = S - R - 1 + Cn if Z = H 

F -> Y 

F 3 

F 3 

Z 

Log 2Q 

-^Q 

Q 3 

Input 

L 

F 

(Note 5) 











Notes: 1. At the most significant slice only, the Cp + 4 signal is internally gated to the Y 3 output. 

2. At the most significant slice only, F 3 V OVR is internally gated to the Y 3 output. 

3. At the most significant slice only, S 3 V F 3 is generated at the Y 3 output. 

4. The Q Register cannot be used explicitly as an operand for any Special Functions. It is defined implicitly within the functions. 

5. Available on Am29203 only. 

L = LOW Hi-Z = High Impedance 

H = HIGH V = Exclusive OR 

X = Don’t Care Parity = SIO 3 V F 3 V F 2 V V Fq 


The zero, Z, pin is an open collector input/output that can be 
wire-OR’ed between slices. As an output it can be used as a zero 
detect status flag and generally indicates that the Y 0.3 pins are all 
LOW. To some extent the meaning of this signal varies with the 
instruction being performed. Refer to Table 5 for an exact defini¬ 
tion of this signal as a function of the Am2903 instructions. 

Instruction Decoder 

The Instruction Decoder generates required internal control sig¬ 
nals as a function o f the nine I nstru ction inputs, Ip- e: the Instruc- 
tion Enable input, lEN; the LSS input; and the WRITE/MSS 
input/output. 

The WRITE output Is LOW when an instruction which writes data 
into the RAM is being ex ecuted. Refer to Tables 3 and 4 for a 
definition of the WRITE output as a function of the Am2903 
instruction Inputs. 

On the Am2903, when lEN is HIGH, the WRITE output is forced 
HIGH and the Q Register and Sign Compare Flip-Flop contents 


are preserved. When lEN is LOW, the WRITE output is enabled 
and the Q Register and Sign Compare Flip-Flop can be written 
according to the Am2903 instruction. The Sign Compare Flip- 
Flop is an on-chip flip-flop which is used during an Am2903 divide 
operation (see Figure B). O n the Am 29203, lEN controls internal 
writing, but does not affect WRITE. The lEN signal can then be 
controlled separately at each chip to facilitate byte operations. 

Programming the Am2903 Slice Position 

Tying the LSS input LOW programs th e slice to operate aS a least 
sig nificant slice ( LSS) and enables the WRI TE o utput signal onto 
the WR I TE/M SS bidirectional I/O pin. When LSS is tied HIGH, the 
WRITE/MSS pin becomes an input pin; tying the WRITE/MSS pin 
HIGH programs the slice to operate as an intermediate slice (IS) 
and tying it LOW programs the slice to operate as a most signifi¬ 
cant slice ( MSS) . The W/MSS pin must be tied HIGH through a 
resistor. W/MSS and LSS should not be connected together. 
See Figure 2 of applications. 
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Am2903 SPECIAL FUNCTIONS 

The Am2903 provides nine Special Functions which facilitate the 
implementation of the following operations; 

• Single- and Double-Length Normalization 

• Two’s Complement Division 

• Unsigned and Two’s Complement Multiplication 

• Conversion Between Two’s Complement and Sign/Magnitude 
Representation 

• Incrementation by One or Two 

Table 4 defines these Special Functions. 

The Single-Length and Double-Length Normalization functions 
can be used to adjust a single-precision or double-precision 
floating point number in order to bring its mantissa within a 
specified range. 

Three Special Functions which can be used to perform a two’s 
complement, non-restoring divide operation are provided by the 
Am2903. These functions provide both single- and double¬ 
precision divide operations and can be performed in “n” clock 
cycles, where “n” is the number of bits in the quotient. 


The Unsigned Multiply Special Function and the two Two’s Com¬ 
plement Multiply Special Functions can be used to multiply two 
n-bit, unsigned or two’s complement numbers, respectively, in 
n clock cycles. These functions utilize the conditional add and 
shift algorithm. During the last cycle of the two’s complement 
multiplication, a conditional subtraction, rather than addition, Is 
performed because the sign bit of the multiplier carries negative 
weight. 

The SIgn/Magnitude-Two’s Complement Special Function can 
be used to convert number representation systems. A number 
expressed in Sign/Magnitude representation can be converted to 
the Two’s Complement representation, and vice-versa. In one 
clock cycle. 

The Increment by One or Two Special Function can be used 
to increment an unsigned or two’s complement number by 
one or two. This is useful in 16-bit word, byte-addressable 
machines, where the word addresses are multiples of two. 


Refer to Am2903 applications section for a more detailed descrip¬ 
tion of these Special Functions. 


Figure B. Sign Compare Flip-Flop 



SIGN 

COMPARE 


The sign compare signal appears at the Z output of the most significant, slice 
during special functions C, D and E, F. Refer to Table 5. 


MPR-032 
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TABLE 5. Am2903 STATUS OUTPUTS 


Am2903/2903A 








P/OVR 

G/N 

Z(OEy = LOW) 

(Hex) 

■sirleis 

(Hex) 

I 4 I 3 I 2 I 1 

•0 

Gi 

(1 = 0 to 3) 

Pi 

(i = 0 to 3) 

Cn+4 

Most Sig 
Slice 

Other 

Slices 

Most Sig 
Slice 

Other 

Slices 

Most Sig 
Slice 

Intermediate 

Slice 

Least Sig 
Slice 

X 

0 

X 

0 

1 

0 

0 

0 

F3 

G 

Y0V1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

1 

X 

R, ASj 

Rj VSj 

G VPCn 

Cn+3 V Cn+4 

p 

F3 

G 

V0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

2 

X 

Rj ASj 

Rj VSj 

G VPCf, 

Cn+3 VCn+4 

P 

^"3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

3 

X 

R|ASi 

Rj V Sj 

G VPCn 

Cn+3 VCn+4 

p 

R3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

4 

X 

0 

Si 

G VPCn 

Cn+3 ''’^Cn+4 

p 

^^3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

5 

X 

0 

Si 

G VPCn 

Cn+3 V Cn+4 

p 

F3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

6 

X 

0 

Rj 

G VPCn 

Cn+3 V Cn+4 

P 

F3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

7 

X 

0 

Ri 

G V PCn 

Cn+3 V Cn+4 

P 

F3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

8 

X 

0 

1 

0 

0 

0 

*^3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

9 

X 

Ri ASj 

1 

0 

0 

0 

F3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

A 

X 

Rj ASj 

Rj VSj 

0 

0 

0 

R3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

B 

X 

R| ASj 

Rj VSj, 

0 

0 

0 

F3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

C 

X 

Rj ASj 

1 

0 

0 

0 

R3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

D 

X 

R| ASj 

1 

0 

0 

0 

F3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

E 

X 

Rj ASj 

1 

0 

0 

0 

F3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

F 

X 

Rj ASj 

1 

0 

0 

0 

R3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

VbYlY2Y3 

0 

0 

L 

OifZ = L 

Rj ASjifZ= H 

SjifZ = L 

Rj V Sj if Z = H 

G VPCn 

Cn+3 V Cn+4 

p 

R3 

G 

Input 

Input 

Qo 


0 

L 

(Note 6) 










1 

8 

L 

(Note 6) 










2 

0 

L 

OifZ = L 

Rj A Sj if Z = H 

SiifZ = L 

Rj V Sj if Z = H 

G V PCn 

Cn+3 VCn+4 

p 

F3 

G 

Input 

Input 

Qo 

3 

0 

L 

(Note 6) 










4 

0 

L 

(Note1) 

(Note 2) 

GVPCn 

Cn+3 '’‘Cn+4 

p 

F3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

5 

0 

L 

0 

SjifZ = L 

Sj if Z = H 

G VPCn 

Cn+3 VCn+4 

p 

F3ifZ=L 

P3 Y S3 if Z = H 

G 

S3 

Input 

Input 

6 

0 

L 

0 if Z = L 

Rj A Sj if Z = H 

Sj if Z = L 

Rj V Sj if Z = H 

GVPCn 

Cn+3 VCn+4 

p 

F3 

G 

Input 

Input 

Co 

7 

0 

L 

(Note 6) 










8 

0 

L 

0 

Si 

(Note 3) 

Q2 Qi 

p 

Q3 

G 

Q0Q1Q2Q3 

Q0Q1Q2Q3 

Q0Q1Q2Q3 

9 

0 

L 

(Note 6) 










9 

8 

L 

(Note 6) 










A 

0 

L 

0 

Si 

(Note 4) 

Fg Fi 

p 

F3 

G 

(Notes) 

(Note 5) 

(Note 5) 

B 

0 

L 

(Note 6) 










C 

0 

L 

Rj ASjifZ= L 
Rj ASiifZ= H 

Rj V Sj if Z = L 
Rj vSj ifZ= H 

G V PCn 

Cn+3 VCn+4 

p 

F3 

G 

Sign Compare 
FF Output 

Input 

Input 

D 

0 

L 

(Note 6) 










E 

0 

L 

Rj ASjifZ= L 
Rj A Sj if Z = H 

Rj V Sj if Z = L 
Rj V Sj if Z = H 

GVPCn 

Cn+3 V Cn+4 

p 

F3 

G 

Sign Compare 
FF Output 

Input 

Input 

F 

0 

L 

(Note 6) 











Notes: 1. If is LOW, Gq = Sq and g 3 = 0. If LSS is HIGH, Gq 1 2 , 3 = 0- 

2. If LSS is LOW, Po = 1 and Pi, 2 . 3 = Si, 2 . 3 - LSS is HIGH,’ P- = Sj. 

3 . At the most significant slice, 0^+4 = Q 3 V 02 - At other slices, Cn +4 = G V PCn- 

4. At the^nnios^signi^cant_slice. Op +4 = F 3 v ^ 2 - At other slices, Cn +4 = G V PCp. 

5 . Z=QoQi 0203^0^^1 

6 . Am29203only. 

L = LOW =0 

H = HIGH =1 

= OR 
= AND 

= EXCLUSIVE OR 
P = P3P2P1P0 

G = G 3 V G 2 P 3 VG 1 P 2 P 3 V G 0 P 1 P 2 P 3 

Gn + 3 = G2 V G1P2 V G0P1P2 V CnPoPiP 2 
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Am2903/2903A 


VOUT 


TEST OUTPUT LOAD CONFIGURATIONS FOR Am2903 


A. THREE-STATE OUTPUTS 


B. NORMAL OUTPUTS C. OPEN-COLLECTOR OUTPUTS 



R. = 


5.0 - Vbe " Vql 
Iol + Vol/ik 


Ri 


5.0 - Vbe - Vql 
Iql + V 0 L/R 2 


VoUT 




Cl 


R1 


5.0 - Vql 
•OL 


Notes: 1. Ci_ = 50pF includes scope probe, wiring and stray capacitances without device in hand in test fixture. 

2. S^, S 2 , S 3 are closed during function tests and ali A.C. tests except output enable tests. 

3. Si and S 3 are closed while S 2 is open for tpzn test. 

Si and S 2 are closed while S 3 is open for tpzL test. 

4. Cl = 5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am2903 


Pin# 

Pin Label 

Test 

Circuit 

Rl 

Ra 

1 

QlOo 

A 

458 

IK 

11 

-f 4 

B 

478 

3K 

12 

P/OVR 

B 

383 

3K 

14 

G/N 

B 

212 

1.5K 

16-19 

Yo-3 

A 

241 

IK 

20 

SlOo 

A 

458 

IK 

21 

S!03 

A 

458 

IK 

22 

_ 2 _i 

c. 

281 

- 

23-26 

0 

CD 

0 

A 

458 

IK 

40 

WRITE/MSS 

A 

458 

1K 

48 

QIO3 

A 

458 

IK 


For additional information on testing, see section 
“Guidelines on Testing Am2900 Family Devices.” 
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Am2903/2903A 


OPERATING RANGES (over which DC, switching, and functional specifications apply) 



Part Number 



Range 

Suffix 

Temperature 

Vcc 

COM’L 

PC, PCB, 

DC, DCB, XC 

Ta = 0 to +70°C 

4.75 to 5.25V 

MIL 

DM, DMB, 

FM, FMB, XM 

Tc= -55 to +125°C 

4.50 to 5.50V 


ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65 to +150°C 

Temperature (Ambient) Under Bias 

-55 to +125°C 

Supply Voltage to Ground Potential Continuous 

-0.5 to +7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5 to +Vcc niax. 

DC Input Voltage 

-0.5 to +5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

-30 to +5.0mA 

















Am2903*Am2903A 

DC CHARACTERISTICS OVER OPERATING RANGE 


Typ. 

Paranwtors Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


VOH 

Output HIGH Voltage 

> 

ii 

> > 

•oh “ - 1 - 6 fT)A 

Y 0 -Y 3 . G/N 

2.4 



Volts 

Iqh = - 8 (X)^A 

DB 0 . 3 , P/OVR 

SlOo. SIO 3 , QlOo, QIO 3 , 

WRITE, Cn +4 

2.4 



•CEX 

Output Leakage Current 
for Z Output (Note 4) 

Vec = min., Voh = 5.5V 

V,N=V,HOrV,L 



250 

/xA 

VoL 

Output LOW Voltage 

Vec = min. 

V|N = V|H = or V|L 

Yo. Yi. Y 2 
Y 3 .Z 

I^L = 20mA (COM’L) 



0.5 

Volts 

Iql = 16mA (MIL) 

OBq, 0B-(, 
OB 2 , DB 3 

Iql = 12mA (COM’L) 



0.5 

Iql = 8 . 0 mA (MIL) 

G/N 

Iql == 18mA 



0.5 

P/OVR 

Iql = 10 mA 



0.5 

Cn-L4. SlOo 
SIO 3 , QlOo 

Iql = 8.0mA 



0.5 

QIO 3 . WRITE 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs (Note 6 ) 

2.0 


■, . 

Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs (Note 6 ) 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vec = min.. I|n = -18mA 



-1.5 

Volts 

«IL 

Input LOW Current 

' j 

Vec = max., V,n = 0.5V 
(Note 4) 

Cn 



-3.6 

mA 

Yo.Yi.Y2,Y3 



-1.13 

•o' •t- •z* •a- ^4 

DAq, DA-|, DA^j.DAo 



-0.72 

SlOo, SIO 3 , QlOo, 

QIO 3 , MSS. DBo, DBi, 
DB 2 , DB 3 



-0.77 

All other inputs 



-0.36 

•iH 

Input HIGH Current 

Vec = max., V,N = 2.7V 
(Note 4) 

Cn 



200 

/iA 

Yo.Yi,Y2,Y3 



110 

I 0 -I 4 , DA 0 -DA 3 



40 

SlOo, SIO 3 , QIOq, 

Q 103 , DB 0 - 3 , 

MSS 



90 

All other inputs 



20 

h 

Input HIGH Current 

Vec = max., V,N = 5.5V 



1.0 

mA 

Iqzh 

'OZL 

Off State 

(HIGH Impedance) 

Output Current 

Vec = max., 
(Note 4) 

Y 0 -Y 3 

Vq = 2.4V 



110 

/u,A 

Vq = 0.5V 



-1130 

DB( 

SIO 

). 3 , QlOo, QIO 3 , 

Vq = 2.4V 



90 

0 , SIO 3 , WRITE/i^ 

Vq = 0.5V 

' 

j 

-770 

•os 

Output Short Circuit 

Current (Note 3) 

Vec = max + 0.5V 

Vq = 0.5V 

-30 


-85 

mA 

•cc 

Power Supply Current 
(Note 5) 

Vcc = MAX. 

Ta = 25“C 

■ 

220 

335 

mA 

COM’L 

TA = 0to70°C 



350 

Ta = 70°C 



291 

MIL 

Tc =-55 to 125“C 



395 

Te = 125°C 



258 


Notes; 1. For conditions shown as MIN. or MAX,, use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at V^c = 5 0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Yo_ 3 , DBo- 3 , SIOo, 3 , QIOo ,3 and WRITE/MSS are three state outputs internally connected to TTL inputs. Z is an open-collector output internally 
connected to a TTL input. Input characteristics are measured under conditions such that the outputs are in the OFF state. 

5. Worst case Ice 'S .a* minimum temperature. 

6. These input levels provide zero noise immunity and should only be static tested in a noise-free environment (not functionally tested). 
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I. Am2903 Guaranteed Commercial 
Range Performance 

The tables below specify the guaranteed performance of the 
Am2903 over the commercial operating range of 0 to 
+70°C, with Vcc ^rom 4.75 to 5.25V. All data are in ns, with 
inputs switching between 0 and 3V at 1V/ns and measure¬ 
ments made at 1.5V. All outputs have maximum DC load. 


Clock and Write Pulse Characteristics 
All Functions 


Minimum Clock LOW Time 

30 

ns 

Minimum Clock HIGH Time 

30 

ns 

Minimum Time CP and WE 
both LOW to Write 

30 

ns 


Am2903/2903A 

Enable/Disable Times 
All Functions 


From 

To 

Enable 

Disable 


OEY 

Yj 

27 

25 

ns 

OEB 

DBj 

31 

25 

ns 

*8 

SIOq, SIO3 


25 

ns 

*8765 

QlOo, QIO3 


60 

ns 

'43210 

QIOo. QIO3 

65 

60 

ns 

Iss 

WRITE 

31 

25 

ns 


Note; 

1. Cl = 5.0pF for output disable tests. Measurement is made to a 0.5V 
change on the output. 


Combinational Delays 
All Functions 


Output 

From lnput'''^-'~^_^ 

Y 

^n-f4 

G. P 

Z(8) 

N 

OVR 

DB 


0 CO 

0 0 
0 0 

SIOq 

SIO3 

SIOq 

Parity 

WRITE 

A Address 
(Arith. Mode) 

B Address 

86 

81 

69 

110 

86 

108 

- 


- 

84 

94 

115 

99 

88 

81 

123 

99 

112 

49 

_ 

- 

94 

104 

140 

A Address 
(Logic Mode) 

B Address 

87 

- 

68 

111 

89 

- 

- 


- 

79 

94 

115 

84 

- 

73 

108 

84 

- 

49 


- 

84 

90 

120 

DA Inputs 
(Arith. Mode) 

OB Inputs 

63 

60 

49 

87 

64 

89 

- 

- 

- 

60 

70 

101 

61 

59 

47 

85 

62 

84 

- 

- 

- 

62 

68 

98 

DA Inputs 
(Logic Mode) 

DB Inputs 

64 

- 

48 

88 

66 

- 

~ 

- 

- 

61 

72 

101 

55 

- 

32 

79 

57 

- 

- 

- 

- 

52 

61 

93 

EA 

59 

53 

42 

83 

59 

83 

- 

- 

- 

57 

64 

98 

Cn 

40 

30 

- 

64 

40 

58 

- 

- 

- 

38 

46 

67 

'o 

52 

48 

36 

76 

52 

63 

- ' 

49 

* 

50* 

58* 

93* 

'4321 

71 

65 

72 

95 

69 

84 

- 

49 

* 

66* 

73* 

105* 

,'8765 

42 

- 


66 

- 

- 

-■ 

50 

60* 

42* 

45* 

42* 

Ten 


- 

_ ! 

- 

- 

- 

- 

22 

- 

- 

- 

- 

SIO3, SlOo 

26 

- 


50 

- 

- 

- . 

- 

- 

- 

29 

36 

Clock 

87 

87 

71 

111 

88 

108 

37 

- 

40 

84 

92 

105 

Y i 

- 

- 


24 

"T“ 

- 

- 

- 

- 

- 

- 

-■ 

MSS 

44 

- 

44 

68 

44 

44 

- 

- 

- 

44 

46 

44 


Note: An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an * is the delay to correct 
data on an enabled output. An * shown without a number means the output is disabled by the input or it is enabled but the delay to correct the 
data is determined by something else. 

Setup and Hold Times 
All Functions 

CAUTION: READ NOTES. NA = Not Applicable; no timing constraint. 


To Output 


HIGH-to-LOW 

LOW-to-HIGH 



With Respect 
to this Signal 

V 





From Input 

Set-up 

Hold 

Set-up 

Hold 

Comment 

Y 

Clock 

NA 

NA 

20 

3 

To store Y in RAM or Q 

WE HIGH 

Clock 

25 

Note 2 

Note 2 

0 

To Prevent Writing 

WE LOW 

Clock 

NA 

NA 

30 

0 

To Write into RAM 

A, B as Sources 

Clock 

33 

3 

NA 

NA 

See Note 3 

B as a Destination 

Clock and WE both LOW 

6 

Note 4 

Note 4 

3 

To Write Data only into 
the Correct B Address 

QIOo, QIO3 

Clock 

NA 

NA 

21 

3 

To Shift Q 

'8765 

Clock 

24 

Note 5 

Note 5 

0 


iilTHIGH 

Clock 

30 

Note 2 

Note 2 

0 

To Prevent Writing into Q 

EN LOW 

Clock 

NA 

NA 

30 

0 

To Write into Q 

'43210 

Clock 

24 

- 

68 

0 

See Note 6 


Notes; 

1. For setup times from all inputs not specified, the setup time 
is computed by calculating the delay to stable Y outputs and 
then allowing the Y setup time. Even if the RAM is not being 
loaded, the Y setup time is necessary to set up the Q re¬ 
gister. All unspecified hold times are less than or equal to 
zero relative to the clock LOW-to-HIGH edge. 

2. WE controls writing into the RAM. lEN controls writing into Q 
and, indirectly, controls WE through the write output. To pre¬ 
vent writing, lEN and WE must be HIGH during the entire clock 
LOW time. They may go LOW after the clock has gone LOW to 
cause a write provided the WE LOW and lEN LOW set-up 
times areYnet. Having gone LOW, they should not be returned 
HIGH until after the clock has gone HIGH. 


3. A and B addresses must be set-up prior to clock LOW transi¬ 
tion to capture data in latche s at RAM output. 

4. Writing occurs when CP and WE are both LOW. The B ad¬ 
dress should be stable during this entire period. 

5. Because Isyes control the writing or not writing of data into 
RAM and Q, they should be stable during the entire clock LOW 
time unless lEN is HIGH, preventing writing. 

6 . The set-up time prior to the clock LOW-to-HIGH transition 
occurs in parallel with the set-up time prior to the clock HIGH- 
to-LOW transition and the clock LOW time. The actual set-up 
time requirement on 143210 , relative to the clock LOW-to-HIGH 
transition, is the longer of (1) the set-up time prior to clock 
L H, and (2) the sum of the set-up time prior to clock 
H -> L and the clock LOW time. 
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Am2903/2903A 
II. Am2903 Guaranteed Military 
Range Performance 

The tables below specify the guaranteed performance of 
the Am2903 over the military operating range of -55 to 
+ 125°C, with Vcc from 4.5 to 5.5V. All data are in ns, with 
inputs switching between 0 and 3V at 1V/ns and measure¬ 
ments made at 1.5V. All outputs have maximum DC load. 


Clock and Write Pulse Characteristics 
All Functions 


Minimum Clock LOW Time 

40 

ns 

Minimum Clock HIGH Time 

40 

ns 

Minimum Time CP and WE 
both LOW to Write 

40 

ns 


Enable/Disable Times 
All Functions 


-From 

To 

Enable 

Disable 


OEY 

Yj 

27 

25 

ns 

OEB 

DBi 

34 

25 

ns 

>8 

SIOq, SIO 3 


25 

ns 

'8765 

QlOo, QIO 3 


60 

ns 

'43210 

QlOo. QIO 3 

70 

60 

ns 

Iss 

WRITE 

34 

25 

ns 


Note: 

1. C(_ = S.OpF for output disable tests. Measurement is made to a 0.5V 
change on the output. 


Combinational Delays 
All Functions 


''-~^To Output 
From Input''''''---,.^ 

Y 

Cn-f4 

G, P 

Z(s) 

N 

OVR 

DB 


— 

QlOo 

QIO3 

SlOo 

SIO3 

SlOo 

Parity 

WRITE 

A Address 
(Arith. Mode) 

B Address 

91 

85 

72 

116 

92 

115 

- 

- 

- 

89 

98 

120 

101 

93 

84 

126 

102 

118 

52 


_ 

97 

106 

148 

A Address 
(Logic Mode) 

B Address 

92 

- 

72 

117 

93 

- 

- 



84 

98 

120 

86 

- 

73 

111 

89 

- 

52 

_ 


86 

92 

125 

DA Inputs 
(Arith. Mode) 

DB Inputs 

64 

62 

51 

89 

66 

94 

- 

_ 


62 

71 

107 

63 

60 

48 

88 

63 

89 

- 

. 

- 

64 

68 

100 

DA Inputs 
(Logic Mode) 

DB Inputs 

65 

- 

51 

90 

67 

- 

- 

- 

- 

62 

72 

108 

56 

- 

32 

81 

57 

- 

- 

- 

- 

52 

63 

100 

EA 

60 

56 

43 

85 

60 

87 

- 

_ 

- 

58 

64 

103 

Cn 

40 

30 

- 

65 

40 

59 

- 


- 

38 

46 

69 

'0 ■ 

52 

50 

36 

77 

52 

66 

- 

53 

* 

51* 

58* 

96* 

'4321 

72 

69 

73 

97 

71 

88 

- 

53 

* 

66 * 

75* 

111 * 

'8765 

44 

- 

- 

69 

- 

- 

- 

50 

65* 

42* 

45* 

42* 

Ten 

- 

- 

- 

- 

- 

- 

- 

24 

- 

- 

- 

- 

SIO3, SlOo 

26 

- 

- 

51 

- 


- 


- 

- 

29 

36 

Clock 

89 

90 

74 

114 

89 

116 

39 

- 

42 

91 

96 

110 

Y 

- 

- 

- 

25 

- 


- 

- 

- 


: 

- 

MSS 

45 

- 

44 

70 

44 

44 

- 1 

- 


44 

46 

44 


Note: An ” means the output is enabled or disabled by the input. See enable and disable times. A number shown with an * is the delay to correct 
data on an enabled output. An * shown without a number means the output is disabled by the input or it is enabled but the delay to correct the 
data is determined by something else. 


Setup and Hold Times 
All Functions 

CAUTION: READ NOTES. NA = Not Applicable; no timing constraint. 




HIGH-to-LOW 

LOW-to-HIGH 



With Respect 
to this Signal 






Input 

Set-up 

Hold 

Set-up 

Hold 

Comment 

Y 

Clock 

NA 

NA 

23 

3 

To store Y in RAM or Q 

WE HIGH 

Clock 

25 

Note 2 

Note 2 

0 

To Prevent Writing 

VVE LOW 

Clock 

NA 

NA 

35 

0 

To Write into RAM 

A, B as Sources 

Clock 

38 

3 

NA 

NA 

See Note 3 

B as a DestinatiQO 

Clock and WE both LOW 

6 

Note 4 

— 

Note 4 

3 

To Write Data only into 
the Correct B Address 

QlOo, QIO 3 

Clock 

NA 

NA 

23 

3 

To Shift Q 

'8765 

Clock 

24 

Note 5 

Note 5 

0 


lEN HIGH 

Clock 

30 

Note 2 

Note 2 

0 

To Prevent Writing into Q 

Ien low 

Clock 

NA 

NA 

30 

0 

To Write into Q 

'43210 

Clock 

24 

- 

74 

0 

See Note 6 


Notes: 

1. For setup times from all inputs not specified, the setup time 
is computed by calculating the delay to stable Y outputs and 
then allowing the Y setup time. Even if the RAM is not being 
loaded, the Y setup time is necessary to set up the Q re¬ 
gister. All unspecified hold times, are less than or equal to 
zero relative to the dock LOW-to- HIGH edge. 

2. WE controls writing intojhe RAM. lEN controls writing into Q 
and, indirectly, controls WE through the vyrite output. Ta pre¬ 
vent writing, lEN and WE must be HIGH during the entire clock 
LOW time. They may go LOW after the clock ha^ gone LOW to 
cause a write provided the WE LOW and lEN LOW set-up 
times are met. Having gone LOW, they should not be returned 
HIGH until after the clock has gone HIGH. 


A and B addresses must be set-up prior to clock LOW transi¬ 
tion to capture data in latches at RAM output. 

Writing occurs when CP and WE are both LOW. The B ad¬ 
dress should be stable during this entire period. 

Because Isyes control the writing or not writing of data into 
RAM and Q, they should be stable during the entire clock LOW 
time unless lEN is HIGH, preventing writing. 

The set-up time prior to the clock LOW-to-HIGH transition 
occurs in parallel with the set-up time prior to the clock HIGH- 
to-LOW transition and the clock LOW time. The actual set-up 
time requirement on 143210 . relative to the Clock LOW-to-HIGH 
transition, is the longer of (1) the set-up time prior to clock 
L H, and (2) the sum of the set-up time prior to clock 
H -> L and the clock LOW time. 
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I. Am2903A Preliminary Commercial 
Range Performance 

The tables below specify the preliminary performance of the 
Am2903 over the commercial operating range of 0 to 
+70°C, with Vcc from 4.75 to 5.25V. All data are in ns, with 
inputs switching between 0 and 3V at IV/ns and measure¬ 
ments made at 1.5V. All outputs have maximum DC load. 


Clock and Write Pulse Characteristics 
All Functions 


Minimum Clock LOW Time 


ns 

Minimum Clock HIGH Time 


ns 

Minimum Time CP and WE 
both LOW to Write 


ns 


Am2903/2903A 
Enabie/Disable Times 
All Functions 


From 

To 

Enable 

Disable 


OEY 

Yj 



ns 

OEB 

DBi 



ns 


SIOq, SIO 3 



ns 

•8765 

QlOo, QIO 3 



ns 

•43210 ' 

QIOq, QIO 3 



ns 

LSS ! 

WRITE 



ns 


Note: 

1. Cl = S.OpF for output disable tests. Measurement is made to a 0.5V 
change on the output. 


Combinational Delays 
All Functions 


Output 

From Inpirt'""-......^ 

Y 

^n-f-4 

G, P 

Z(s) 

N 

OVR 

DB 


QlOo 

QIO3 

SlOo 

SI03 

SlOo 

Parity 

WRITE 

A Address 
(Arith. Mode) 

B Address 







- 

- 

- 











- 

- 




A Address 
(Logic Mode) 

B Address 


- 





- 

- 

- 





- 




- 


- 

- 




DA Inputs 
(Arith. Mode) 

DB Inputs 







- 

- 

- 






. 




- 

- 

- 




DA Inputs 
(Logic Mode) 

DB Inputs 


- 





- 

- 

- 





- 

— 



- 

- 

- 

- 




EA 







- 

- 

- 

' 



Cn 

i 


- 




- 


- 




*0 

_ 1 






- 






•4321 

- 1 






- 


* 




•8765 


- 

- 


- 

- 

- 






IEN 

- 

- 

- 

- 

- 


- 


~ 

- 

- 

- 

SIO3, SIOq 


- 

- 


- 

- 

- 


- 

- 



Clock 






-! 


- 





Y 

- 

- 

- 


- 

— _ —j 

- 

- 

- 

- 

- 

- 

M^ 


- 





.1 

- 

_I_1 





Note; An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an * is the delay to correct 
data on an enabled output. An * shown without a number means the output is disabled by the input or it is enabled but the delay to correct the 
data is determined by something else. 

Setup and Hold Times 
All Functions 

CAUTION: READ NOTES. NA = Not Applicable; no timing constraint. 


To Output 


HIGH-to-LOW 

1 LOW-to-HIGH 



With Respect 
to this Signal 

I V 


J 

{ 


From Input 

Set-up 

Hold 

Set-up 

Hold 

Comment 

Y 

Clock 

NA 

NA 

' 


To store Y in RAM or Q 

WE HIGH 

Clock 


Note 2 

Note 2 ^ 


To Prevent Writing 

V^LOW 

Clock 

NA 

NA 



To Write into RAM 

A, B as Sources 

Clock 



NA 

NA 

See Note 3 

B as a Destination 

Clock and WE both LOW 


1 

Note 4 

i 

Note 4 


To Write Data only into 
the Correct B Address 

QIOq, QIO 3 

Clock 

NA 

NA 



To Shift Q 

•8765 

Clock 


Note 5 

Note 5 



EfTHIGH 

Clock 


Note 2 

Note 2 


To Prevent Writing into Q 

iifTLOW 

Clock 

NA 

NA 



To Write into Q 

I43210 

Clock 


- 



See Note 6 


Notes: 

1. For setup times from ail inputs not specified, the setup time 
is computed by calculating the delay to stable Y outputs and 
then allowing the Y setup time. Even if the RAM is not being 
loaded, the Y setup time is necessary to set up the Q re¬ 
gister. All unspecified hold times are less than or equal to 
zero relative to the clock LOW-to-HIGH edge. 

2. WE controls writing intojhe RAM. lEN controls writing into Q 
and, indirectly, controls WE through the write output. To pre¬ 
vent writing, lEN and WE must be HIGH during the entire clock 
LOW time. They may go LOW after the clock has gone LOW to 
cause a write provided the We" LOW and lEN LOW set-up 
times are met. Having gone LOW, they should not be returned 
HIGH until after the clock has gone HIGH. 


3. A and B addresses must be set-up prior to clock LOW transi¬ 
tion to capture data in latche s at RAM output. 

4. Writing occurs when CP and WE are both LOW. The B ad¬ 
dress should be stable during this entire period. 

5. Because Igyes control the writing or not writing of data into 
RAM and Q, they should be stable during the entire clock LOW 
time unless iEN isl^GH, preventing writing. 

6 . The set-up time prior to the clock LOW-to-HIGH transition 
occurs in parallel with the set-up time prior to the clock HIGH- 
to-LOW transition and the clock LOW time. The actual set-up 
time requirement on I 43210 . relative to the clock LOW-to-HIGH 
transition, is the longer of (1) the set-up time prior to clock 
L H, and (2) the sum of the set-up time prior to clock 
H -► L and the clock LOW time. 
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Atn2903/2903A 
II. Am2903A Preliminary Military 
Range Performance 

The tables below specify the preliminary performance of 
the Am2903 over the military operating range of -55 to 
+ 125°C, with Vcc from 4.5 to 5.5V. All data are in ns. with 
inputs switching between 0 and 3V at 1V/ns and measure¬ 
ments made at 1.5V. All outputs have maximum DC load. 


Clock and Write Pulse Characteristics 
All Functions 


Minimum Clock LOW Time 


ns 

Minimum Clock HIGH Time 


ns 1 

Minimum Time CP and WE 
both-'LOW to Write 


ns 


Enable/Disable Times 
All Functions 


From 

' 'To ', 

Enable 

Disable 


OEY 

Yi 



ns 

OEB 

DBj 



ns 

•s 

SIOq. SIO 3 



ns 

'8765 , 

QIOq. QIO 3 



ns 

'43210 

QIOq, QIO 3 



ns 

LSS 

WRTfE 



ns . 


Note; 

1. Cl = 5.0pF for output disable tests. Measurement is made to a 0.5V 
change on the output. 


Combinational Delays 
All Functions 


Output 

From Input 

Y 

Cn-f-4 

G, P 

Z<s) 

N 

OVR 

DB 


0 CO 

0 0 
0 0 

SlOo 

SIO3 

SlOo 

Parity 

WRITE 

A Address 
(Arith. Mode) 

B Address 







- 

- 

- 











- 

- 


_ 


A Address 
(Logic Mode) 

B Address 


- 




- 

- 

_ 

- 





- 




- 



- 




DA Inputs 
(Arith. Mode) 

OB Inputs 







- 

- 

- 










- 


- 




DA Inputs 
(Logic Mode) 

DB inputs 


- 




- 


- 

- 





- 




- 

_ 

- 

' - 




EA 







. .~ . j 

- 

- 




Cn 

■i 


- 





- 

- 




•o 







- 


* 




'4321 

-1 






- i 


* 




'8765 


- 

- 


- 

- 

- 

1 





lEN 

- 

- 

- ■ 

- 

- 

- 



- 

- 

- 

- 

SIO 3 . SlOo 


- 




. - 

- 


- 




Clock 








- 





Y 

- 

- 

- i 


- 

_ 

-• 

- . 

- 

- 

- 

- 

MSS 


_1 

-H 




- 

- 

- 1 





Note: An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an * is the delay to correct 
data on an enabled output. An * shown without a number means the output is disabled by the input or it is enabled but the delay to correct the 
data is determined by something else. 


Setup and Hold Times 
Ail Functions 

CAUTION: READ NOTES, NA = Not Applicable; no timing constraint. 




HIGH-to-LOW 

LOW-to-HIGH 



With Respect 
to this Signal 


1 




Input 

Set-up 

Hold 

Set-up 

Hold 

Comment 

Y 

Clock 

NA 

NA 



To Store Y in RAM or Q 

WE HIGH 

Clock 


Note 2 

Note 2 


To Prevent Writing 

WE LOW 

Clock 

NA 

NA 



To Write into RAM 

A, B as Sources 

Clock 



NA 

NA 

See Note 3 

B as a Destination 

Clock and WE both LOW 


Note 4 

Note 4 

. i 

To Write Data only into 
the Correct B Address 

QIOq, QIO 3 . 

Clock 

NA 

NA 



To Shift Q 

'8765 

Clock 


Note 5 

Note 5 



lEN HIGH 

Clock 


Note 2 

Note 2 


To Prevent Writing into Q 

IEIT LOW 

Clock 

NA 

NA 



To Write into Q 

'43210 

Clock 





See Note 6 


Notes: 

1. For setup times from all inputs not specified, the setup time 
is computed by calculating the delay to stable Y outputs and 
then allowing the Y setup time. Even if the RAM is not being 
loaded, the Y setup time is necessary to set up the Q re¬ 
gister. All unspecified hold times are less than or equal to 
zero relative to the clock LOW-to-HIGH edge. 

2. WE controls writing into jhe RAM. lEN controls writing into Q 
and, indirectly, controls WE through the write output. To pre¬ 
vent writing, lEN and WE must be HIGH during the entire clock 
LOW time. They may go LOW after the clock has gone LOW to 
cause a write provided the WE LOW and lEN LOW set-up 
times are met. Having gone LOW, they should not be returned 
HIGH until after the clock has gone HIGH. 


A and B addresses must be set-up prior to clock LOW transi¬ 
tion to capture data in latches at RAM output. 

Writing occurs when CP and WE are both LOW. The B ad¬ 
dress should be stable during this entire period. 

Because Ig/gs control the writing or not writing of data into 
RAM and Q. they should be stable during the entire clock LOW 
time unless lEN is HIGH, preventing writing. 

The set-up time prior to the clock LOW-to-HIGH transition 
occurs in parallel with the set-up time prior to the clock HIGH- 
to-LOW transition and the clock LOW time, The actual set-up 
time requirement on I 43210 . relative to the clock LOW-to-HIGH 
transition, is the longer of (1) the set-up time prior to clock 
L -> H, and (2) the sum of the set-up time prior to clock 
H L and the clock LOW time. 


5-46 




III. Am2903 Guaranteed Combinational Delays 
for Special Functions. 

The switching characteristics of the Am2903 are a function 
of power supply voltage, temperature, and the operating 
mode of the device. The following tables define the speeds 
of the combinational paths for each of the special func¬ 
tions. Setup and hold times do not change for the special 
functions. Data is shown in boldface where different from 
the standard function tables. 

Except where otherwise noted, data is taken with inputs 
switching between 0 and 3.0V at 1V/ns, with the mea¬ 
surement point at 1.5V. Outputs are measured at 1.5V and 
are loaded with Cl = 50pF and maximum DC load. 

Times are specified as Commercial Range/Military Range 
where the commercial operating range is 0 to +70°C, and 
the military range is -55 to +125°C. 


Am2903/2903A 
INDEX TO SWITCHING TABLES 


Table 

Applicable to 

A 

Increment by One or Two Instruction 

B 

Two’s Complement Multiply Instruction 

C 

Unsigned Multiply Instruction 

D 

Two’s Complement Multiply, Last Cycle 

E 

Sign Magnitude/Two’s Complement Conversion 

F 

Single Length Normalize Instruction 

G 

First Divide Operation (double length norm) 

H 

Two’s Complement Divide Operation 

1 

Two’s Complement Divide, Correction 


COMMERCIAL RANGE/MILITARY RANGE 

A. Combinational Delays 
Increment by One or Two Instruction 
(*8765 = *4321 = *0 - *>) 


Output 

Slice 









QlOo 



SlOo 

From lnpm'\^ 

Position 

Y 

Cn+4 

G,P 

Z(s) 

N 

OVR 

DB 

WRITE 

QIO 3 

SlOo 

SIO 3 

Parity 

A, B Address 

MSS 

99/101 

88/93 

- 

123/126 

99/102 

112/118 

49/52 


- 

- 

- 

140/148 

(Arith Mode) 

IS, LSS 

99/101 

88/93 

81/84 

123/126 

- 


49/52 

- 

- 

- 

- 

140/148 

DA, DB Inputs 

MSS 

63/64 

60/62 

- 

87 

64 

89 

- 

- 

- 


- 

101/107 

IS, LSS 

63/64 

60/62 

49/51 

87/89 

- 

- 

- 

- 

- 

- 

- 

101/107 

EA 

MSS 

- 


- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IS, LSS 

- 

- 

- 

- 

- 

- 

- 

- ■ 

- 

- 

- 

- 


MSS 

40/40 

30/30 

- 

64/65 

40/40 

58/59 

- 

- 

- 

- 

- 

67/69 


IS, LSS 

40/40 

30/30 

- 

64/65 

40/40 

58/59 

- 

- 

- 

- 

- 

67/69 


MSS 

66/73 

60/61 

- 

90/98 

71/72 

82/87 

- 

- 



* 

103/110* 

•o 

— 

IS 

66/73 

60/61 

58/62 

90/98 

- 

- 

- 

- 

* 


* 

103/110* 


LSS 

66/73 

60/61 

58/62 

90/98 

- 

- 

- 

49/53 



* 

103/110* 


MSS 

71/72 

60/61 ! 

- 

95/97 

72/74 

80/87 1 

- 

- 

* 


* 

102/110* 

>4321 

IS 

71/72 

60/61 

58/62 

95/97 

- 

- 

- 

- 



* 

102/110* 


LSS 

71/72 

60/61 

58/62 

95/97 

- 

-1 

- 

49/53 


~T”j 

♦ 

102/110* 


MSS 

71/72 

60/61 

- 

95/97 

72/74 

82/87 1 

- 

- 



* > , 

102/110* 

'8765 

IS 

71/72 

60/61 

58/62 

95/97 

- 

- 

! 

- 



* 

102/110* 


LSS 

71/72 

60/61 

58/62 

95/97 

- 

- 


50/50 




102/110* 

Clock 

MSS 

87/89 

87/90 

71/74 

111/114 

88/89 

108/116 

37/39 

- 

40/42 

- 

- 

105/110 

IS, LSS 

87/89 

87/90 

71/74 

111/114 

88/89 

108/116 

37/39 

- 

40/42 

- 

- 

105/110 

7 

MSS 

Z is an Output 

4. 

IS, LSS 

Z is an Output 

Y 

Any 

- 

- 

- 

24/25 

- 

- 

- 

- 

- 

- 


- 

lEN 

Any 

- 

- 

- 

- 

- 

- 

- 

22/24 

- 

- 


- 

SIO3, SIOq 

Any 

26/26 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 


F = S + 1 +Cn 


Notes: 1. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an * is the delay to correct 
data on an enabled output. An * shown without a number means the output is disabled by the input or it is enabled but the delay to correct 
data is determined by something else. 

2. A means the delay path does not exist. 

3. Data in boldface is different from standard function table; other data is the same. 








Ain2903/2903A 

COMMERCIAL RANGE/MILITARY RANGE (Cont.) 

B. Combinationai Delays 
Two’s Complement Multiply Instruction 
(Id765 = 2 h. <4321 = 0h» Iq = 0) 


Output 

Slice 









QlOo 



SlOo 

From lnpuf'\^ 

Position 

Y 

Cn +4 

G,P 

Z(s) 

N 

OVR 

DB 

WRITE 

QIO3 

SlOo 

SIO3 

Parity 

A, B Address 

MSS 

106/113 

88/93 

- 

- 

99/102 

112/118 

49/52 


- 

94/97 

- 

_ 

(Arith Mode) 

IS, LSS 

99/101 

88/93 

81/84 

- 

- 


49/52 


- 

94/97 


~ 

DA, DB Inputs 

MSS 

78/78 

60/62 

- 

- 

64/66 

89/94 

• - 

- 

- 

62/64 

- 

- 

IS, LSS 

63/64 

60/62 

49/51 

- 


- 

- 

- 

- 

62/64 

- 

- 

EA 

MSS 

86/85 

53/56 

- 

- 

59/60 

83/87 

- 

- 

- 

57/58 

- 

- 

IS, LSS 

59/60 

53/56 

42/43 

- 

- ■ 

- 

- 


- 

57/58 

- 



MSS 

58/58 

30/30 

- 

- 

40/40 

58/59 

. 

- 

~ 

38/38 

- 

- 

, 

IS, LSS 

40/40 

30/30 

- 

- 

- 

- 


- 

- 

38/38 

- 

- 


MSS 

104/105 

95/97 

- 

- 

89/89 

102/102 

- 

- 

♦ 

68/71* 

* 

- 

lo 

IS 

104/105 

95/97 

78/81 

- 

_ 

- 

- 

- 

* 

68/71* 

* 

- 

' 

LSS 

104/105 

95/97 

78/81 

42/42 

- 

- 

- 

49/53 

* 

68/71* 

* 

- 


MSS 

112/112 

95/98 



94/94 

108/111 

- 

- 


71/75* 

* 

- 

'4321 

IS 

112/112 

95/98 

78/85 

- 


- 

- 

- 


71/75* 

* 

- 


LSS 

112/112 

95/98 

78/85 

43/43 

- 

- 

- 

49/53 

* 

71/75* 

*. 

- 


MSS 

98/99 

84/86 

- 


76/78 

100/100 

- 

- 


71/74* 


- 

•8765 

IS 

98/99 

84/86 

82/84 

- 

- 

- 

- 

- 

* 

71/74* 

* 

- 


LSS 

98/99 

84/86 

82/84 

46/48 

- 

- 

- ■ 

50/50 

* 

71/74* 

* 

- 

Clock 

MSS 

100/107 

87/90 

- 

- 

88/89 

108/116 

37/39 

- 

40/42 

84/91 


- 

IS, LSS 

87/89 

87/90 

71/74 

53/57 

- 


37/39 

■- 

40/42 

84/91 

- 

- 

Z 

MSS 

90/90 i 

62/65 

- 

- 

69/70 

78/81 

- 

- 

- 

71/72 

- 

- 

JS. I 

90/90 

62/65 

48/48 

- 

- 


- 

- 

- 

71/72 

- 

- 

lEN 

Any i 

- 

~ 

- 

- 

- 

- 

- 

22/24 

- 

- 

- 


SIO 3 , SlOo 

Any 

26/26 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 


F -S-CnifZ = 0 

R-S-CnifZ =1 
Y3 = F3 © OVR (MSS) 

Z =Qo(LSS) 

Notes: 1. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an * is the delay to correct 
data on an enabled output. An * shown without a number means the output is disabled by the input or it is enabled but the delay to correct 
data is determined by something eise. 

2. A means the delay path does not exist, 

3. Data in boldface is different from standard function table; other data is the same. 
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Am2903/2903A 

COMMERCIAL RANGE/MILITARY RANGE (Cont.) 

C. Combinational Delays 
Unsigned Multiply Instruction 
(•8765 = 0 h» U 321 = Oh, Iq = 0 ) 


^^^To Output 

Slice 









QlOo 



SlOo 

From lnpm^\^^ 

Position 

Y 

Cn-i -4 

G,P 

Z(s) 

N 

OVR 

DB 

WRITE 

QIO3 

slOo 

SIO3 

Parity 

A, B Address 

MSS 

102/103 

88/93 

- 

- 

99/102 

112/118 

49/52 

- 

- 

94/97 

- 

- 

(Arith Mode) 

IS, LSS 

99/101 

88/93 

81/84 

- 

- 

- 

49/52 

- 

_ 

94/97 

- 

- 

DA, DB Inputs 

MSS 

65/66 

60/62 

- 

- 

64/66 

89/94 

- 

- 

- 

62/64 

- 

- 

IS, LSS 

63/64 

60/62 

49/51 

- 

- 

- 

- 

- 

- 

62/64 

- 

- 

EA 

MSS 

73/74 

53/56 

- 

- 

59/60 

83/87 

- 

- 

- 

57/58 

- 

- 

IS, LSS 

59/60 

53/56 

42/43 

- 

_ 

- 

- 

- 

- 

57/58 

- 

- 

Cn 

MSS 

45/45 

30/30 

- 

- 

40/40 

58/59 

- 

- 

- 

38/38 

- 

- 

IS, LSS 

40/40 

30/30 

- 

- 


- 

- 


- 

38/38 

- 

- 


MSS 

94/97 

95/97 

- 

- 

87/87 

102/106 

- 

- 

* 

70/71* 

■ * 

- 

•0 

IS 

94/97 

95/97 

80/85 

- 

- 

- 

- 

- 

* 

70/71* 

* 

- 


LSS 

94/97 

95/97 

80/85 

42/42 

- 

- 

- 

49/53 

♦ 

70/71* 

* 

- 


MSS 

102/103 

96/100 

- 

- 

92/94 

110/111 

- 

- 

* 

72/73* 

* 

- 

'4321 

IS 

102/103 

96/100 

81/86 

- 

- 

- 

- 

- 

* 

72/73* 

* 

- 


LSS 

102/103 

96/100 

81/86 

43/43 

- 

- 

- 

49/53 

*' 

72/73* 

* 

- 


MSS 

102/102 

90/93 

- 

- 

77/76 

84/89 

- 

- 

* 

72/75* 

* 

- 

I8765 

IS 

102/102 

90/93 

84/92 

- 

- 

- 

- 

- 

* 

72/75* 

* 

- 


LSS 

102/102 

90/93 

84/92 

46/51 

- 

- 

- 

50/50 

* 

72/75* 

* 

- 

Clock 

MSS 

91/94 

87/90 

- 

- 

88/89 

108/116 

37/39 

- 

40/42 

84/91 

- 

- 

IS, LSS 

87/89 

87/90 

71/74 

53/57 

- 

- 

37/39 

- 

40/42 

84/91 

- 

- 

Z 

MSS 

74/76 

62/65 

- 

- 

70/70 

78/81 

- 

- 

- 

71/72 

- 

- 

IS 

74/76 * 

62/65 

48/49 

- 

- 

- -1 

- 

- 

- 

71/72 

- 

- 

lEN 

Any 

- 

- 

- 

- 

- 

- 

- 

22/24 

- 

- 

- 


SIO 3 . SlOo 

Any 

26/26 

- 

- 

- 


- 

- 

- ' 

-i 

- 

- 

- 


F =S + CnifZ=0 

S + R + Cn if Z = 1 
Y 3 = Cn +4 (MSS) 

Z =Qo(LSS) 

Notes: 1. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an * is the the delay to 

correct data on an enabled output. An * shown without a number means the output is disabled by the input or it is enabled but the delay to 
correct data is determined by something else. 

2. A “ - ” means the delay path does not exist. 

3. Data in boldface is different from standard function table; other data is the same. 
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Am2903/2903A 

COMMERCIAL RANGE/MILITARY RANGE (Cont.) 

D. Combinational Delays 
Two’s Complement Multiply, Last Cycle 
(18765 = *4321 = Oh. *0 = 0) 


Output 

Slice 









QlOo 



SlOo 

From Inpm'^-^ 

Position 

Y 

Cn +4 

G,P 

Z(s) 

N 

OVR 

DB 

WRITE 

QIO3 

SlOo 

SIO3 

Parity 

A, B Address 

MSS 

120/121 

88/93 

- 

- 

99/102 

112/118 

49/52 


- 

94/97 

- 

“ 

(Arith Mode) 

IS, LSS 

99/101 

88/93 

81/84 

- 

_ 

- 

49/52 

_ 

- 

94/97 

- 

- 

DA, DB Inputs 

■ 

MSS 

85/88 

60/62 

- 

- 

64/66 

89/94 

- 



62/64 

- 


IS, LSS 

63/64 

60/62 

49/51 

- 

- 

- 

- 


- 

62/64 

- 


EA 

MSS 

93/96 

53/56 

- 

- 

59/60 

83/87 

- 

- 

- 

57/58 

- 

- 

IS, LSS 

59/60 

53/56 

42/43 

- 

- 

- 

- 

- 

- 

57/58 

- 


Cn 

MSS 

64/64 

30/30 

- 

- 

40/40 

58/59 

- 

- 

- 

38/38 

- 

- 

IS, LSS 

40/40 

30/30 

- 

- 

- 


- 

- 

- 

38/38 

- 



MSS 

112/118 

99/102 

- 

- 

91/97 

120/126 

- 

- 


98/102* 


- 

'o 

IS 

112/118 

99/102 

86/87 

- 

- 

- 

- 

- 

* 

98/102* 


- 


LSS 

112/118 

99/102 

86/87 

42/42 

- 

- 


49/53 

♦ 

98/102* 

♦ 



MSS 

115/120 

93/101 

- 

- 

94/97 

124/127 

- 

- 

♦ 

97/101* 

♦ 

- 

•4321 

IS 

115/120 

93/101 

85/86 

- 

- 

- 

- 

- 

« 

97/101* 

* 

- 


LSS 

115/120 

93/101 

85/86 

43/43 

- 

- 

- 

49/53 

4> 

97/101* 

* 

- 


MSS 

105/105 

93/98 

- 

- 

88/88 

114/115 

- 

- 

* 

96/102* 

* 

- 

•8765 . 

IS 

105/105 

93/98 

78/86 

- 

- 


- 

- 

* 

96/102* 


- 


LSS 

105/105 

93/98 

78/86 

50/51 


- 

- 

50/50 


96/102* 


- 

Clock 

MSS 

110/110 

87/90 

- 


88/89 

108/116 

37/39 

- 

40/42 

84/91 

- 

- ' 

IS, LSS 

87/89 

87/90 

71/74 

53/58 

- 

- 

37/39 


40/42 

84/91 

' ~ 

- 

7 

MSS 

91/92 

64/67 

- 

- 

74/80 

98/103 

- 


- 

70/72 


- 


IS 

91/92 

64/67 

50/53 

- 

- 

- 

- 

- 

- 

70/72 



iIn 

Any 

- 

- 

- 


- 

- 

- 

22/24 

- 

- 

- 


SlOg, SIOq 

Any 

26/26 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 


F =S + CnifZ=0 

S-R-1 + CnifZ=1 
Yg = (OVR © Fg) MSS 
Z =Qo(LSS) 

Notes: 1 . An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an * is the delay to correct 
data on an enabled output. An * shown without a number means the output is disabled by the input or it is enabled but the delay to correct 
data is determined by something else. 

2 . A means the delay path does not exist. 

3 . Data in boldface is different from standard function table; other data is the same. 
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Am2903/2903A 


COMMERCIAL RANGE/MILITARY RANGE (Cont.) 

E. Combinational Delays 
Sign Magnitude/Two’s Complement Conversion 
(18765 = 5h. *4321 = Oh. Iq = 0) 


^\Jjo Output 

Slice 









QlOo 



SlOo 

From lnpu!\^ 

Position 

Y 

Cn+4 

G,P 

Z(s) 

N 

OVR 

DB 

WRITE 

QIO 3 

SlOo 

SI 03 

Parity 

A, B Address 

MSS 

138/143 

88/93 

- 

70/78 

138/143 

112/118 

49/52 

- 

- 

- 

- 

140/148 

(Arith Mode) 

IS. LSS 

99/101 

88/93 

81/84 

- 


- 

49/52 

- 

- 

- 

- 

140/148 

DA, DB Inputs 

MSS 

98/103 

60/62 

- 

40/40 

98/103 

89/94 

- 

- 

- 

- 

- 

101/107 

IS, LSS 

63/64 

60/62 

49/51 

- 


- 

- 

- 


- 

- 

101/107 

EA 

MSS 

- 


- 

- 


- 

- 

- 

- 


- 

- 

IS. LSS 

- 

- 

- 

- 

- 

- 

- 


- 

- 

- 

- 


MSS 

79/83 

30/30 

- 

- 

79/83 

58/59 

- 

- 


- 

- 

67/69 


IS, LSS 

40/40 

30/30 

- 

- 

- 

- 

- 


- 

- 

- 

67/69 


MSS 

102/102 

78/80 

- 

46/50 

100/100 

112/115 


- 

* 

* 

♦ 

131/132* 

•0 

IS 

102/102 

78/80 

70/70 

- 

- 

- 


- 

* 

* 

* 

131/132* 


LSS 

102/102 

78/80 

70/70 

- 

- 

- 

- 

49/53 

* 

♦ 

* 

131/132* 


MSS 

102/102 

78/80 

- 

46/50 

100/102 

103/110 

- 

- 

i 

« i 

* 

* 

131/132* 

U321 

IS 

102/102 

78/80 

72/75 

- 

- 

- 

- 

_ 

* 

* 

* 

131/132* 


LSS 

102/102 

78/80 

72/75 

- 

- 

- 

- 

49/53 

* 

V 

* 

131/132* 


MSS 

100/103 

78/80 

- 

46/50 

97/100 

105/112 

_ 

- 

* 


* 

138/142* 

'8765 

IS j 

100/103 

78/80 

65/65 

- 


- 


- 

* 


■'* 

138/142* 


LSS 

100/103 

78/80 

65/65 

- 


- 


50/50 

* 

* 

* 

138/142* 

Clock 

MSS 

118/120 

87/90 

71/- 

58/61 

118/120 

108/116 

37/39 

- 

- 

- 

- 

105/110 

IS, LSS 

87/89 

87/90 

71/74 

- . 

- ; 

- 

37/39 


- 

-J 

- 

105/110 

y 

MSS 

Z is an Output | 

L. 

IS, LSS 

72/76 

60/61 

48/51 

- 

- 

- 

' - 

- 

- 

- 

- 

114/118 

Ien 

Any 

- 

- 

- 

- 

- 

- 

- 

22/24 

- 

- 

- 

- 

SlOg, SIOq 

Any 

26/26 

- 

- 

- 

- 


- 

- 

- 

- 

- 

- 


F =S + CnifZ=0 
S + CnifZ = 1 
Yg = S 3 © Fg (MSS) 

Z = Sg (MSS) 

Notes: 1. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an * is the delay to correct 
data on an enabled output. An * shown without a number means the output is disabled by the input or it is enabled but the delay to correct 
data is determined by something else. 

2. A means the delay path does not exist. 

3. Data in boldface is different from standard function table; other data is the same. 


Am2903/2903A 

COMMERCIAL RANGE/MILITARY RANGE (Cont.) 

F. Combinational Delays 
Single-Length Normalize Instruction 
(>8765 = I 432 I = Oh. Iq = 0) 


To Output 

Slice 









QlOo 


—■— 

SlOo 

From Input 

Position 

Y 

Cn+4 

G,P 

Z(s) 

N 

OVR 

DB 

WRITE 

QIO3 

SlOo 

SI03 

Parity 

A, B Address 

MSS 

99/101 

88/93 

- 

- 

99/102 

112/118 

49/52 

- 

- 

- 

- 

- 

(Arlth Mode) 

IS. LSS 

99/101 

88/93 

81/84 

- 

- 

- 

49/52 

- 


- 

- 

- 

DA, DB Inputs 

MSS 

63/63 

60/60 

- 

- 

64/66 

89/94 

- 

- 

- 

- 

- 

- 

IS. LSS 

63/63 

60/60 

49/51 

- 

- 

- 

- 

- 

- 

- 

- 

- 

EA 

MSS 

59/60 

53/56 

- 

- 

59/60 

83/87 

- 

- 

- 

- 

- 

- 

IS, LSS 

59/60 

53/56 

42/43 

- 

- 

- 

- 

- 

" 

- 

- 

- 


On 

MSS 

40/40 

30/30 

- 

- 

40/40 

58/59 

- 


- 

- 

- 

- 

IS, LSS 

40/40 

30/30 

- 

- 

- 


- 

- 

- 

- 

- 

- 


MSS 

67/72 

52/60 

■ 

33/34 

45/43 

42/42 

- 

- 

* 

* 

72/78* 

- 

Iq 

IS 

67/72 

52/60 

58/59 

33/34 

- 

- 

- 

- 

* 

* 

72/78* 

- 


LSS 

67/72 

52/60 

58/59 

33/34 


- 

- 

49/53 

* 

* 

72/78* 

- : 


MSS 

68/72 

58/60 

- 

34/38 

45/48 

47/47 

- 

- , 

* 

* 

72/78* 

- 

•4321 

IS 

67/72 

58/60 

58/60 I 

36/38 

- 

_ 

- 

- 

♦ 


72/78* 

- 


LSS 

68/72 

58/60 

58/60 

36/38 

- 



49/53 

* 


72/78* 

- 


MSS 

66/67 

70/58 

- 

44/50 

50/53 

47/47 

. - 

- 

* 

* 

72/72* 

- 

'8765 

IS 

66/67 

70/58 

41/42 

44/50 

- 

- 

■ - * 

- 

* 

• 

72/72* 

- ■ 


LSS 

66/67 

70/58 

41/42 

44/50 

- 

. - 

- 

50/50 

i 

* 

72/72* 

- 

Clock 

MSS 

87/89 

49/53 

- '1 

46/53 

49/49 

47/49 

37/39 

- 

40/42 

- 

92/96 

- 

IS, LSS 

87/89 

87/90 

71/74 

48/53 

- 

- 

37/39 

- 

40/42 

- 

92/96 

- 


MSS 

Z is an Output 


IS, LSS 

Z is an Output 

lEN 

Any 


- 

- 

- 

. 


- 

22/24 

- 


- 

- 

SIO 3 , SlOo 

Any 

26/26 

- 

_I_ 

- 


- 

- 

- 

- 


- 

- 


F =S + Cn 

Cp 4- 4 = Q3 © Q2 (MSS) 

OVR = Q2 ® Qi (MSS) 

N = Q3 (MSS) 

Z = Q 0 O 1 Q 2 Q 3 

Notes: 1. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an * is the delay to correct 
data on an enabled output. An * shown without a number means the output is disabled by the input or it is enabled but the delay to correct 
data Is determined by something else. 

2. A means the delay path does not exist. 

3. Data in boldface is different from standard function table; other data is the same. 
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G. Combinational Delays 
First Divide Operation (Double Length Normalize) 
(*8765 = Ah, *4321 = Oh, *0 = 0) 


To Output 

Slice 









QlOo 



SlOo 

From Input 

Position 

Y 

Cn +4 

G,P 

Z(s) 

N 

OVR 

DB 

WRITE 

QIO3 

SlOo 

SI03 

Parity 

A, B Address 

MSS 

99/101 

113/122 

- 

94/96 

94/100 

102/112 

49/52 

- 

- 

- 

120/130 

- 

(Arith Mode) 

IS, LSS 

99/101 

88/93 

. 81/84 

-/96 

- 

- 

49/52 


- 

- 

104/106 

- 

DA, DB Inputs 

MSS 

63/64 

75/80 

- 

54/63 

54/65 

62/72 

- 

- 

- 

- 

80/84 

- 

IS, LSS 

63/64 

60/62 

49/51 

-/63 

- 

- 

- 

- 

- 

- 

70/71 

- 

EA 

MSS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

76/80 

- 

IS, LSS 

- 

- 

- 

- 

- 


- 

- 

- 

- 

64/46 

- 


MSS 

40/40 

54/57 

- 

45/48 

45/48 

50/55 

- 

- 

- 

- 

68/68 

- 

'^n 

IS, LSS 

40/40 

30/30 

- 

-/48 

- 

- 


- 

- 

- 

46/46 

- 


MSS 

69/71 

95/98 

- 

68/85 

72/72 

86/91 

- 

1 

* 

* 

96/101* 

- 

•0 

IS 

69/71 

95/98 

56/61 

68/85 

- 

- 

- 

- 

* 

* 

96/101* 

- 


LSS 

69/71 

95/98 

56/61 

68/85 

- 

- 

- 

49/53 

* 

* 

96/101* 

- 


MSS 

69/71 

94/98 

- 

68/85 

72/76 

86/91 

- 

- 


* 

96/101* 

- 

U 321 

IS 

69/71 

94/98 

57/61 

68/85 

- 

- 

- 

- 


• 

96/101* 

- 


LSS 

69/71 

94/98 

57/61 

68/85 

- 

- 

- 

49/53 


* 

96/101* 

- 


MSS 

69/71 

95/98 

- 

68/85 

72/76 

86/91 

- 

- 


* 

96/101* 

- 

'8765 

IS 

69/71 

95/98 

57/61 

68/85 

- 

- 

- 

- 


* 

96/101* 

- 


LSS 

69/71 

95/98 

57/61 

68/85 

- 

- 

- 

50/50 

* 

* 

96/101* 

- 

Clock 

MSS 

87/89 

101/113 

- 

80/90 

84/87 

86/98 

37/39 

- 

40/42 

- 

106/114 

- 

IS, LSS 

87/89 

87/90 

71/74 

80/90 

- 

- 

37/39 

- 

40/42 

- 

92/96 

- 

■7 

MSS 

Z is an Output 


IS 

Z is an Output 

In 

Any 

- 

- 

- 

- 

- 

- 

- 

22/24 

- 

- 


- 

SIO 3 , SlOo 

Any 

26/26 


- 

- 

- 

- 

- 

' - 

_ 

- 

- 

- 


F = S + Cn 

N = F 3 (MSS) 

SIO 3 - F 3 © R 3 (MSS) 

Cn + 4 = F3 ® ^2 (MSS) 

OVR = F 2 © Fi (MSS) 

Z = QqQi 0303^0^1 F2F3 

Notes: 1. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an * is the delay to correct 
data on an enabled output. An * shown without a number means the output is disabled by the input or it is enabled but the delay to correct 
data is determined by something else. 

2. A means the delay path does not exist. 

3. Data in boldface is different from standard function table: other data is the same. 
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COMMERCIAL RANGE/MILITARY RANGE (Cont.) 

H. Combinational Delays 
Two’s Complement Divide Operation 
(•8765 = Ch, 14321 = 0h» Iq = 0) 


Output 

Slice 









QlOo 



slOo 

From lnput""\^ 

Position 

Y 

Cn+4 

G,P 

Z(s) 

N 

OVR 

DB 

WRITE 

QIO 3 

SlOo 

S 103 

Parity 

A, B Address 

MSS 

99/101 

88/93 

- 

- 

99/102 

112/118 

49/52 

- 

- 

- 

107/112 

- 

(Arith Mode) 

IS, LSS 

99/101 

88/93 

81/84 

- 

- 

- 

49/52 

- 


- 

104/106 

- 

DA, DB Inputs 

MSS 

63/64 

60/62 

- 

- 

64/66 

89/94 

- 

- 

- 

- 

84/88 

- 

IS, LSS 

63/64 

60/62 

49/51 

- 

- 

-■ 

- 

- 

- 

- 

70/71 

- 

EA 

MSS 

59/60 

53/56 


- 

59/60 

83/87 

- 

- 

- 

- 

91/96 

- 

IS, LSS 

59/60 

53/56 

42/43 

- 

- 

- 

- 

- 

- 

- 

64/64 

- 

c 

MSS 

40/40 

30/30 

- 

- 

40/40 

58/59 

- 

- 


- 

64/64 

- 

'^n 

IS, LSS 

40/40 

30/30 

- 

- 

- 

- 

- 

- 

- 

- 

46/46 



MSS 

94/95 

93/96 

- 

39/42 

94/98 

120/127 

- 

- 

* 

♦ 

108/113* 

- 

■0 

IS 

94/95 

93/96 

74/77 

- 

- 

- 

- 

- 

* 

* 

108/113* 

- 


LSS 

94/95 

93/96 

74/77 

- 

- 

- 


49/53 



108/113* 

- 


MSS 

94/95 

84/96 

- 

42/42 

93/97 

120/124 

- 

- 


* 

108/114* 

- 

'4321 

IS 

94/96 

84/97 

74/82 

- 1 

- 

- 

- 

- 


' 

108/114* 

- 


LSS 

94/96 

84/97 

74/82 

- 

- 

- 

- 

49/53 

« 

* 

108/114* 

- 


MSS 

93/98 

89/97 

- 

43/44 

93/102 

120/112 

- 

- 

* 

i 

* 

108/119* 

- 

'8765 

IS 

93/98 

89/97 

64/64 

- 

- 

- 

. - 

- 

1 


108/119* 

- 


LSS 

93/98 

89/97 

64/64 

- 

- 

- 

- 

50/50 

♦ 

* 

108/119* 

- 

Clock 

MSS 

87/89 

87/90 

- 

53/58 

88/89 

108/116 

37/39 

- 

40/42 


130/136 

- 

IS, LSS 

87/89 

87/90 

74/74 

- 

- 


37/39 

- 

40/42 

_ 

92/96 

- 


MSS 

Z is an Output | 


IS, LSS 

68/71 

65/68 

52/56 

- 

- 

- 

- 

- 

- 

- 

77/81 

- 

Jen 

Any 

- 

- ■ 

- 

- 

- 

- 

- 

22/24 

- 

- 

- 

- 

SIO 3 , SIOq 

Any 

26/26 

- 

- 

- 

- 

- 

- 

- 

- 



- 


F =R + S + CnifZ=0 

S - R - 1 4 - Cn if Z = 1 
SIO 3 = F 3 © R 3 (MSS) 

Z = F 3 © R 3 (MSS) from previous cycle 

Notes: 1. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an * is the delay to correct 
data on an enabled output. An * shown without a number means the output is disabled by the input or it is enabled but the delay to correct 
data is determined by something else. 

2. A means the delay path does not exist. 

3. Data in boldface is different from standard function table; other data is the same. 
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COMMERCIAL RANGE/MILITARY RANGE (Cont.) 

I. Combinational Delays 
Two’s Complement Divide, Correction 
(18765 = Eh. *4321 = Oh. Iq = 0) 


Output 

Slice 

— 








QlOo 



SlOo 

From lnpu!^\^ 

Position 

Y 

Cn+4 

G,P 

Z(s) 

N 

OVR 

DB 

WRITE 

QIO3 

slOo 

S103 

Parity 

A, B Address 

MSS 

99/101 

88/93 

- 

- 

99/102 

112/118 

49/52 

- 

- 

- 

104/106 

- 

(Arith Mode) 

IS, LSS 

99/101 

88/93 

81/84 

- 


- 

49/52 

- 

_ 

- 

104/106 

- 

DA, DB Inputs 

MSS 

63/64 

60/62 

- 

- 

64/66 

89/94 

- 

- 


- 

70/71 

- 

IS, LSS 

63/64 

60/62 

49/51 

- 

- 

- 

- 

- 

- 

- 

70/71 

- 

EA 

MSS 

59/60 

53/56 

- 

- 

59/60 

83/87 

- 

_ 

- 

- 

64/64 

- 

IS, LSS 

59/60 

53/56 

42/43 

- 

- 

- 

- 

- 

- 

- 

64/64 

- 

n 

MSS 

40/40 

30/30 

- 

- 

40/40 

58/59 

- 

- 

- 

- 

46/46 

- 


IS, LSS 

40/40 

30/30 

- 

- 

- 

- 

- 

- 

- 

- 

46/46 

- 


MSS 

95/98 

91/96 

- 

42/42 

94/96 

120/127 

- 

- 

* 

* 

98/105* 

- 

•0 

IS 

95/98 

91/96 

72/78 


- 

- 

- 

- 

* 

* 

98/105* 

- 


LSS 

95/98 

91/96 

72/78 

- 

- 

- 

- 

49/53 

* 

* 

98/105* 

- 


MSS 

96/100 

91/96 

- 

42/43 

94/97 

118/123 

- 

- 

* 

* 

98/104* 

- 

'4321 

IS 

96/100 

91/96 

78/84 

- 

- 

- 

- 

- 

* 

* 

98/104* 

- 


LSS 

96/100 

91/96 

78/84 

- 

- 

- 

- 

49/53 

* 

* 

98/104* 

- 


MSS 

85/85 

78/78 

- 

43/44 

74/78 

89/95 

- 

- 

* 

♦ 

88/89* 

- 

*8765 

IS 

1 

85/85 

78/78 

62/62 

- 

- 

- 

- 

- 

* 

♦ 

88/89* 

- 


LSS 

85/85 

78/78 

62/62 

- 

- 

- 

- 

50/50 

* 

* 

88/89* 

- 

Clock 

MSS 1 

87/89 

87/90 

- 

53/58 

88/89 

108/116 

37/39 

- 

40/42 

- 

92/96 

- 

IS, LSS 

87/89 

87/90 

71/74 

- 

- 

- 

37/39 

- 

40/42 

- 

92/96 

- 

— 

MSS 

Z is an Output | 

c. 

IS, LSS 

73/76 

66/70 

54/54 

- 

I 

- 

- 

1 

- 

- 

79/79 

- 

iEN 

Any 

- 

- 


- 

- 

- 

- 

22/24 

- 

- 


- 

SIO 3 , SlOo 

Any 

26/26 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 


F =R + S + CnifZ=0 
S - R - 1 + Cn if Z = 1 
Z = F 3 ® R 3 (MSS) from previous cycle 


Notes: 1. An means the output is enabled or disabled by the input. See enable and disable times. A number shown with an * is the delay to correct 
data on an enabled output. An * shown without a number means the output is disabled by the input or it is enabled but the delay to correct 
data is determined by something else. 

2 . Ameans the delay path does not exist. 

3. Data in boldface is different from standard function table; other data is the same. 
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CYCLE TIMES FOR 16-BIT SYSTEM 
FOR COMMON OPERATIONS 

The illustration below shows a typical configuration using 4 
Am2903 Superslices, an Am2902A carry lookahead chip, and the 
Am2904 for shift multiplexers, status registers, and carry-in con¬ 
trol. For the system enclosed within the dashed lines, there are 
four major switching paths whose values for various kinds of 
cycles are summarized below, and shown on the timing 
waveform. 

1. MICROCYCLE TIME (TCHCH). 

The minimum time which must elapse between a LOW-TO- 
HIGH clock transition and the next LOW-TO-HIGH clock 
transition. 

2. DATA SET-UP TIME (TDVCH). 

The minimum time which must be allowed between valid, 
stable data on the D inputs and the clock LOW-TO-HIGH 
transition. 

3. DTOY(TDVYV). 

The maximum time required to obtain valid Y output data after 
the D inputs are valid. This is the combinational delay through 
the parts from D to Y. 


4. CP TO Y (TCHYV). 

The maximum time required to obtain valid Y outputs after a 
clock LOW-Tp-HIGH transition. 

The types of cycles for which data is summarized are as follows: 

1. Logic - Any logical operation without a shift. 

2. Logic Rotate - Any logic operation with a rotate or shift. 

3. Arithmetic - An add or subtract with no shift. 

4. Multiply - The first cycle of a 2’s complement multiply Instruc¬ 

tion. Subsequent cycles require less time. 

5. Divide - The iterative divide cycle. The first divide instruction 

and the last divide (correction) instruction require 
less time. 

Time in ns Over Commercial Operating Range 


CYCLE TCHCH TDVCH TDVYV TCHYV 


LOGIC 


105 

64 

102 

LOGIC ROTATE 

180 

143 

123 

160 

ARITHMETIC 

184 

137 

96 

143 

MULTIPLY 

200 

140 

120 

180 

DIVIDE 

228 

167 

128 

189 


16-Bit System with Am2903, Am2902A, Am2904 


FROM MICROPROGRAM 

Din memory 



Y-OUT 


MPR-583 


Timing Waveforms for Data In, Clock, and Y Out 



MPR-584 
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USING THE Am2903 

For additional applications information, see chapters III and IV 
of Bit Slice Microprocessor Design, Mick and Brick, 
McGraw-Hill Publishers. 

Am2m APPLICATIONS 

The Am2903 is designed to be used in microprogrammed sys¬ 
tems. Figure 1 illustrates a recommended architecture. The con¬ 
trol and data inputs to the Am2903 normally will all come from 
registers clocked at the same time as the Am2903. The register 
inputs come from a ROM or PROM - the “microprogram store”. 
This mertiory contains sequences of microinstructions which 
apply the proper control signals to the Am2903’s and other cir¬ 
cuits to execute the desired operation. 

The address lines of the microprogram store are driven from the 
Am2910 Microprogram Sequencer. This device has facilities for 
storing an address, incrementing an address, jumping to any 
address, and linking subroutines. The Am2910 is controlled by 
some of the bits coming from the microprogram store. Essen¬ 
tially, these bits are the “next instruction” control. 


Figure 1. Typical Microprogram Architecture. 


MAP 



One Level Pipeline Based System 

MPR-035 


Note that with the microprogram register in between the micro¬ 
program memory store and the Am2903’s, a microinstruction 
accessed on one cycle is executed on the next cycle. As one 
microinstruction is executed, the next microinstruction is being 
read from microprogram memory. In this configuration, system 
speed is improved because the execution time in the Am2903’s 
occurs in parallel with the access time of the microprogram store. 
Without the “pipeline register”, these tvyo functions must occur 
serially. 

Expansion of the Am2903 

The Am2903 is a four-bit CPU slice. Any number of Am2903’s 
can be interconnected to form CPU’s of 8,16,32, or more bits, in 
four-bit increments. Figure 2 illustrates the interconnection of four 
Am2903’s to form a 16-bit CPU, using ripple carry. 

With the exception of the carry interconnection, all expansion 
schemes are the same. The QIO 3 and SIO 3 pins are bidirectional 
left/right shift lines at the MSB of the device. For all devices 
except the most significant, these lines are connected to the QIOq 
and SlOo pins of the adjacent more significant device. These 
connections allow the Q Registers of all Am2903’s to be shifted 
left or right as a contiguous n-bit register, and also allow the ALU 
output data to be shifted left or right as a contiguous n-bit word 
prior to storage in the RAM. At the LSB and MSB of the CPU, the 
shift pins should be connected to a shift multiplexer which can be 
controlled by the microcode to select the appropriate input sig¬ 
nals to the shift inputs. 

De vice 1 has been defined as the least significant slice (LSS) and 
its LSS pin has accord i ngly been grounded. The Write/Most 
Significant Slice (WRITE/MSS) pin of device 1 is now defined as 
being the Write output, which may now be used to drive the write 
enable (WE) signal Common to the four devices. Devic es 2 a nd 3 
are designated as intermediate slices and hence the LSS and 
WRITE/MSS pins are tied HIGH. C auti on: W /MSS must be tied 
to Vcc through a resistor; W/MSS and LSS may not be shorted 
directly together. Device 4 is designated the most significant slice 
(MSS) with the LSS pin tied HIGH and the WRITE/MSS pin held 
LOW. The open colledtor, bidirectional Z pins are tied together for 
detecting zero or for inter-chip communication for some special 
instruction. The Carry-Out (Cn+ 4 ) is connected to the Carry-In 
(Cn) of the next chip in the cap of ripple carry. For a faster carry 
scheme, an Am29(^ may be employed (as shown in Figure 3) 
such that thejG an(^ outputs of the Am2903 are connected to the 
appropriate G and P inputs of the Am2902, while the Cp+x. Cn+y, 
and Cn +2 outputs of the Am2902 ar^connected to the Cp input of 
the appropriate Am2903. Note that G/N and P/OVR pin functions 
are device dependent. The most sjgnific^t slice outputs N and 
OVR-while all other slices output G and P. 


Figure 2. 16-Bit CPU with 


Ripple Carry. 


MSS LSS 

DEVICE 4 DEVICES DEVICES . DEVICE 1 
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The lEN pin of the A m290 3 allows the option of conditional 
instruction execution. If lEN is LOW, all internal clocking is en- 
abled, allowing the latches, RAM, and Q Register to function. If 
lEN is HIGH, the R AM a nd Q Register are di sabled. T he RAM is 
controlled by lEN If WE is connected to the WRITE output. 

It would be appropriate at this point to mention that the Am2903 
may be microcoded to work in either two-or three-address ar¬ 
chitecture modes. The two-address modes allow A+B-^ B while 
the three-address mode makes possibleA+B^C. Implementa¬ 
tion of a three-address architecture is made possible by vary¬ 
ing the timing of lEN In relationship to the external clock and 
changing the B address as shown in Figure 4. This technique is 
discussed in more detail under Memory Expansion. 


Parity 

The Am2903 computes parity on a chosen word when the Instruc¬ 
tion bits Ig-e have the values of 4i6 to Tig as shown in Table 3. 
The computed parity Is the result of the exclusive OR of the 
individual ALU outputs and SIO3. Parity output is found on SIOq- 
Parity between devices may be cascaded by the interconnection 
of the SIOq and SIO3 ports of the devices as shown in Figure 3. 
The equation for the parity output at SIOq port of device 1 Is 
given by SIOq = Pi5 V Fi3 V ... V Fi ¥ fo V 

SIO15. 


Figure 3. 16-Bit CPU with Carry Look Ahead. 


MSS LSS 

DEVICE 4 DEVICES DEVICES DEVICE 1 
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Figure 4. Relationship of lEN and Clock During Two Address and Three Address Modes. 



TWO ADDRESS MODE- U - THREE ADDRESS MODE 



B 



X STABLE STABLE \/ 

SOURCE / >QQQ \ PEST 
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Figure 5. Sign Extend. 


DEVICE 4 DEVICES DEVICE 2 DEVICE 1 



Sign Extend 

Sign extension across any number of Am2903 devices can be 
done in one microcycle. Referring again to the table of instruc¬ 
tions (Table 3), the sign extend instruction (Hex instruction E) 
on l 5 _a causes the sign present at the SIOq port of a device 
to be extended across the device and appear at the SIO3 port 
and at the Y outputs. If the least significant bit of the instruc¬ 
tion (bit I 5 ) is HIGH, Hex instruction F is present on 15 - 3 , 
commanding a shifter pass instruction. At this time, F 3 of the 
ALU is present on the SIO3 output pin. It is then possible to 
control the extension of the sign across chip boundaries by 
controlling the state of I 5 when le-e are HIGH. Figure 5 out¬ 
lines the Am2903 in sign extend mode. With le _8 held HIGH, 
the individual chip sign extend is controlled by Isa-d- It tor 
example, I 5 A and I 5 B are HIGH while I 5 C and I 5 Q are LOW, 
the signal present at the boundaries of devices 2 and 3 (F 3 of 
device 2 ) will be extended across devices 3 and 4 at the SIO3 
pin of device 4. The output of the four devices will be avail¬ 
able at their respective Y data ports. The next positive edge 
of the clock will load the Y outputs into the address selected 
by the B port. Hence, the results of the sign extension Is 
stored in the RAM. 

SPECIAL FUNCTIONS 

When I 0-4 = 0, the Am2903 is in the Special Function mode. In 
this mode, both the source and destination are controlled by 15 - 3 . 
The Special Functions are in essence special microinstructions 
that are used to reduce the number of microcycles needed to 
execute certain functions in the Am2903. 

NORMALIZATION, SINGLE- AND DOUBLE-LENGTH 

Normalization is used as a means of referencing a number to a 
fixed radix point. Normalization strips out all leading sign bits such 
that the two bits immediately adjacent to the radix point are of 
opposite polarity. 

Normalization is commonly used in such operations as fixed-to- 
floating point conversion and division. The Am2903 provides for 
normalization by using the Single-Length and Double-Length 
Normalize commands. Figure 6 a represents the Q Register of a 
16-bit processor which contains a positive number. When the 
Single-Length Normalize command is applied, each positive 
edge of the clock will cause the bits to shift toward the most 
significant bit (bit 15) of the Q Register. Zeros are shifted in via the 
QIOq port. When the bits on either side of the radix point (bits 14 
and 15) are of opposite value, the number is considered to be 
normalized as shown in Figure 6 b. The event of normalization is 
externally indicated by a HIGH level on the Cn +4 pin of the most 
significant slice (Cn +4 MSS = Q 3 MSS V Q 2 MSS). 


Figure 6 . 


a) Unnormalized Positive Number. 


RADIX 

IbIiA 13 12 


11 10 9 8 


7 6 5 4 


3 2 10 


1111 


1 0 0 1 


0 0 11 


b) Normalized Positive Number. 

RADIX 



151 

|l4 13 12] 

111 10 9 8 1 

1 7 6 5 4 1 

1 3 2 1 0 

Q REGISTER I 

E 

1 

1 

1 

0 

1 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

MSS I 



1 LSS 


' ' ' MPR-040 

There are also provisions made for a normalization indication 
via the OVR pin one microcycle before the same indication is 
available on the Cn +4 (OVR = Q 2 MSS V Q-i MSS). This 
is for use in applications that require a stage of register buffer¬ 
ing of the normalization indication. 

Since a number comprised of all zeros is not considered for 
normalization, the Am2903 indicates when such a condition 
arises. If the Q Register is zero and the Single-Length Normaliza¬ 
tion command is given, a HIGH level will be present on the Z line. 
The sign output, N, indicates the sign of the number stored in 
the Q register, Q 3 MSS. An unnormalized negative number 
(Figure 7a) is normalized in the same manner as a positive 
number. The results of single-length normalization are shown 
In Figure 7b. The device interconnection for single-length 
normalization is outlined in Figure 8 . During single length 
normalization, the number of shifts performed to achieve 
normalization can be counted and stored in one of the work¬ 
ing registers. This can be achieved by forcing a HIGH at the 
Cn Input of the least significant slice, since during this special 
function the ALU performs the function [B] + Cp and the re¬ 
sult is stored in B. 

Normalizing a double-length word can be done with the Double- 
Length Normalize command which assumes that a user-selected 
RAM Register contains the most significant portion of the word to 
be normalized while the Q Register holds the least significant half 
(Figure 9). The device interconnection for double-length normal¬ 
ization is shown in Figure 10. The Cn+ 4 , OVR, N, and Z outputs of 
the most significant slice perform the same functions in double- 
length normalization as they did in single-length normalization 
except that Cn+ 4 , OVR, and N are derived from the output of the 
ALU of the most significant slice in the case of double-length 
normalization, instead of the Q Register of the most significant 
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Figure 7. 

a) Unnormalized Negative Single Length Number. b) Normalized Negative Single Length Number. 

RADIX . , , 



15 ( 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

Q REGISTER | 

F 

F 

n 

F 

F 

R 


F 

F 

R 

R 

E 

F 

R 

R 

R 

1 Q REGISTER j 

0 

0 

0 

0 

0 

0 

0 

E 

0 

0 

0 

E 

F 

0 

0 

0 


MSS 1 

DEVICE 4 1 

1 , DEVICE 3 1 

1 DEVICE 2 1 

1 LSS 

1 DEVICE 1 










MPR-041 


Figure 8. Single Length Normalize. 


F = IB] + Cn, F - Y, B 2Q Q 


Q3MSS 
Q3VQ2 MSS 
Q2VQ1 MSS 
Q3MSS 


Qq • Ql • • • 
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Figure 9. Double Length Word. 


RAM REGIS 
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Figure 10. Double Length Normalize. 


F - [Bl + Cn, Log. 2F ^ Y, B 2Q - Q 



MPR-044 
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slice as in single-length normalization. A high-level Z line In 
double-length normalization reveals that the outputs of the ALU 
and Q Register are both zero, hence indicating that the double¬ 
length word is zero. 

When double-length normalization is being performed, shift 
counting is done either with an extra microcycle or with an exter¬ 
nal counter. 


SIGN MAGNITUDE, TWO’S COMPLEMENT CONVERSION 

As part of the special instruction set, the Am2903 can convert 
between two’s complement and sign/magnitude representa¬ 
tions. Figure 11 illustrates the interconnection needed for sign 
magnItude/two’s complement conversion. The word to be 
cbnverted Is applied to the S input port of the ALU (from the 
RAM B port or the DB I/O port). The Cn input of device 1 is 
connected to the Z pin. The sign bit (S 3 MSS) is brought out ori the 
Z line and informs the other ALU’s if the conversion is being 
performed on a negative or positive number. If the number to be 
converted Is the most negative number in two’s complement 
[i.e., 100 ... 00 (-2")], an overflow indication will occur. This Is 
because -2" is one greater than any number that can be repre¬ 
sented in sign magnitude notation and hence an attempted con¬ 
version to sign magnitude from -2" will cause an overflow. When 
minus zero in sign magnitude notation (100... 0) is converted to 
two’s complement notation, the correct result is obtained 
( 0 .. . 0 ). 


INCREMENT BY ONE OR TWO 

Incrementation by One or Two is made possible by the Special 
Function of the same name. This command Is quite useful in the 
case of byte addressable words. Referencing Figure 12, a word 
may be incremented by one If Cp is LOW or incremented by two If 
On is HIGH. 

UNSIGNED MULTIPLY 

This Special Function allows for easy implementation of un¬ 
signed multiplication. Figure 13 is the unsigned multiply flow 
chart. The algorithm requires that initially the RAM word ad¬ 
dressed by Address port B be zero, that the multiplier be in the 
Q Register, and that the multiplicand be in the register ad¬ 
dressed by Address port A. The initial conditions for the 
execution of the algorithm are that: 1) register Rq be reset to 
zero; 2) the multiplicand be in R^ ; and 3) the multiplier be in 
R 2 . The first operation transfers the multiplier, R 2 , to the Q 
Register. The Unsigned Multiply instruction is then executed 
16 times. During the Unsigned Multiply Instruction, Rq Is ad¬ 
dressed by RAM address port B and the multiplicand is ad¬ 
dressed by RAM address port A. 

When the unsigned Multiply command is given, the Z pin of 
device 1 becomes an output while the Z pins of the remaining 
devices are specified as inputs as shown in Figure 15. The Z 
output of device 1 is the same state as the least significant bit 
of the multiplier in the Q Register. The Z output of device 1 
informs the ALU’s of all the slices, via their Z pins, to add the 
partial product (referenced by the B address port) to the mul- 


Figure 11. 2's ComplementSign/Magnitude. 


F=lBj+CnifZ = 0 

F= [B1 +CnifZ= 1 F^Y, B HOLD Q 

Y 3 MSS = (S 3 V F 3 ) MSS 
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Figure 12. Increment by 2/1. 


F = IB1+1+Cn, F-*Y,B HOLD Q 
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Figure 13. Unsigned 16 X 16 Multiply Flowchart. 



MPR-047 


tiplicand (referenced by the A address port) if Z = 1. If Z = 0, 
the output of the ALU is simply the partial product (referenced 
by the B address port). Since Cp is held LOW, it is not a fac¬ 
tor in the computation. Each positive-going edge of the clock 
will internally shift the ALU outputs toward the least significant 
bit and simultaneously store the shifted results in the register 
selected by the B address port, thus becoming the new partial 
sum. During the down shifting process, the Cn +4 generated in 
device 4 is Internally shifted Into the Y 3 position of device 4. 
At this time, one bit of the multiplier will down shift out of the 
QlOo ports of each device into the QIO 3 port of the next less 
significant slice. The partial product is shifted down between 
chips in a like manner, between the SIOq and SIO 3 ports, with 
SIOq of device 1 being connected to QIO 3 of device 4 for 
purposes of constructing a 32-bit long register to hold the 
32-bit product. At the finish of the 16 x 16 multiply, the most 
significant 16 bits of the product will be found in the register 
referenced by the B address lines while the least significant 
16 bits are stored in the Q Register. Using a typical Computer 
Control Unit (CCU), as shown in Figure 16, the unsigned mul¬ 
tiply operation requires only two lines of microcode, as shown 
in Figure 17, and is executed in 17 microcycles. 


TWO’S COMPLEMENT MULTIPLICATION 

The algorithm for two’s complement multiplication is illustrated 
by Figure 14. The initial conditions for two’s complement mul¬ 
tiplication are the same as for the unsigned multiply operation. 
The Two’s Complement Multiply Command is applied for 15 
clock cycles in the case of a 16 x 16 multiply. During the 
down shifting process the term NVOVR generated in device 
4 is internally shifted into the Y 3 position of device 4. The data 
flow shown in Figure 15 is still valid. After 15 cycles, the sign 
bit of the multiplier is present at the Z output of device 1. At 
this time, the user must place the Two’s Complement Multiply 
Last cycle command on the instruction lines. The intercon¬ 
nection for this instruction is shown in Figure 18. On the next 
positive edge of the clock, the Am2903 will adjust the partial 
product, if the sign of the multiplier is negative, by subtracting 
out the two’s complement representation of the multiplicand. If 
the sign bit is positive, the partial product is not adjusted. At 
this point, two’s complement multiplication is completed. Using 
a typical CCU, as shown in Figure 16, the two’s complement 
multiply operation requires only three lines of microcode, as 
shown in Figure 19, and is executed in 17 microcycles. 


Figure 14. 2's Complement 16 X 16 Multiply. 
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Figure 15. Multiply. 


F = [BI + Cn if Z = 0 

F = [B] + [A] + Cn if Z = 1 Log. F/2 ^ Y, B Q/2 ^ Q 



Note: For unsigned multiply, Cn+4 MSS is internally shifted into position Y3 MSS; 2's complement multiply NVOVR 
is internally shifted into position Y3 MSS. 
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Figure 16. Typical Computer Control Unit (CCU). 


MACRO INSTRUCTION 
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Figure 17. Micro Code for Unsigned 16X16 Multiply. 


Micro Data 

Memory Am2910 Pipeline _ _ 

Address Inst Reg. Iq 14 -ii Is^ls OEB OEY A 3 -A 0 B 3 -B 0 Cp Comment 


n 

LDCT 

OOF 16 

H 

6 

6 

X 

X 

R2 

X 

0 

Load Counter & R 2 Q 

n-h1 

RPCT 

n-i-1 

“ 0 “ 

0 

0 

0 

0 

Ri 

Ro 

0 

Unsigned Multiply 


Figure 18. 2's Complement Multiply, Last Cycle. 


F = [B] + Cn if 2 = 0 

F - [B] - [AI - 1 + Cn if 2 = 1 Log. F/2 -<■ Y, B Q/2 Q 



Note: N V OVR is internally shifted into position Y3 MSS. 
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Figure 19. Microcode for 2’s Complement 16 x 16 Multiply. 


Data ^ 

Memory Am2910 Pipeline “f 
Address Inst Reg. ^ ^ 


< 

Itt |> i 
LU UJ cc 

b to < oa 


CO 


Comment 


n 

LDCT 

00 E 16 

X 

6 

6 

X 

X 

R 2 

X 

0 

Load Counter & R 2 Q 

n+1 

RPCT 

n-i-1 

0 

0 

2 

0 

0 

h 


0 

2's Complement Multiply 

n-f2 

X 

X 

0 

0 

6 

0 

0 

Ri 

Ro 


2’s Complement 

Multiply (Last Cycle) 


TWO’S COMPLEMENT DIVISION 

Three instructions on the Am2903/203 can be used to micro¬ 
code signed integer division. The algorithm is a non-restoring 
four-quadrant division, with different preamble and postamble 
microcode for single- and double-precision integer division. 

Single-precision signed integer divide is the most straightfor¬ 
ward. Other than division by zero, there is only one case when 
an overflow results, namely when the most negative number 
(-- 2 n“-i) is divided by - 1 . This case is detected by the post¬ 
amble, and does not require separate tests of dividend and 
divisor in the preamble. 

Single-precision signed integer divide is the most straightfor¬ 
ward. Other than division by zero, there is only one case when 
an overflow results, namely when the most negative number 
(- 2 n~l) is divided by - 1 . This case is detected by the post¬ 
amble, and does not require separate tests of dividend and 
divisor in the preamble. 

Single-precision division begins by loading the Q Register with 
the dividend. Following this, the negative bit of the status 
register is tested and the dividend register is loaded with all 
ones or all zeros so as to sign extend the Q Register. The 
dividend is now a double-precision integer, with the least sig¬ 
nificant half in the Q Register and the most significant half in 
the dividend register. This double-precision integer is then 
shifted up one position in preparation for the divide. 

The division starts with the First Divide Operation applied to the 
divisor register (A address) and the dividend register (B 
address). This operation computes the quotient sign as the ex¬ 
clusive OR of dividend and divisor sign, and shifts it into the 
least significant position of the Q Register while simultaneously 
upshifting the double-precision dividend one bit. The First Di¬ 
vide Operation also updates the Sign Compare Flip-Flop (in 
the MSS) with the exclusive NOR of the dividend and divisor 
sign, which determines whether the next operation will be an 
add or a subtract. 

Jhe stage is now set for repeated execution of the divide step. 
Provided correct shift linkages externally (SIO 3 on the MSS to 
QlOo on the LSS, and QIO 3 on MSS to SIOq on the LSS), 
each execution of the divide step computes a new quotient bit 
by either adding the divisor to the dividend (if the sign compare 
flip-flop is HIGH) or subtracting the divisor from the dividend (if 
the sign compare flip-flop is LOW), and then producing the ex¬ 
clusive NOR of the sign of the result and the divisor sign as the 
new quotient bit and the new value of the sign compare flip- 
flop. The upshifted result replaces the partial remainder in the 
dividend register. The divide step must be repeated n - 2 times 


for n bit signed integers. Note that the sign compare flip-flop 
resides on the most significant slice, and controls the other 
slices through the zero pin which becomes an input On the 
intermediate and least significant slices for this operation. 

The divide correction step also adds or subtracts the divisor 
from the partial remainder in the dividend register, but does not. 
upshift the result. The quotient bit shifted into the Q Register by 
this step is always a I. This means that the quotient produced 
by the divide algorithm is always odd; in half the cases, of 
course, this guess is wrong, and must be corrected. At each 
step of the divide algorithm, the result of the previous guess is 
corrected and a new guess is made. Since correction lags 
computation of the quotient bits by one step, after the last step 
there is still one correction needed. 

After the divide correction step, the product of quotient and 
divisor plus the remainder is guaranteed to be equal to the 
dividend. However, the magnitude of the quotient may be off by 
one, the sign of the remainder may be wrong, and the mag¬ 
nitude of the remainder may lie between the magnitude of the 
divisor and zero. 

In general, correction is needed when the sign of the remainder 
and initial dividend differ. For positive quotients, the correction 
is performed by subtracting one frorn the quotient and adding 
the divisor back to the remainder. For negative quotients, the 
correction is performed by adding one to the quotient and sub¬ 
tracting the divisor from the remainder. 

A special case arises when the dividend is negative and the 
remainder at the end of the division is exactly zero. Since zero 
appears to be positive in two’s complement, it appears that cor¬ 
rection is necessary, whereas in fact it is not. This case is 
easily detected by testing the remainder for zero after the last 
divide step, and terminating the algorithm if it is. A related pro¬ 
blem arises with negative dividends when the partial remainder 
becomes exactly zero in an intermediate step of the division. 
Once again, the algorithm sees this as a change of sign, and 
records the wrong quotient bit. However, in such cases, the 
final remainder always has the same magnitude as the divisor, 
but has the same sign as the dividend. Since the multiplicative 
rule is still satisfied, this means that the quotient is too small in 
magnitude by one. This case is detected by adding the mag¬ 
nitude of the divisor to the remainder and testing for zero, and 
the correction is the opposite of the “normal” correction: posi¬ 
tive quotients are incremented, and negative quotients are de¬ 
cremented. (The remainder should be made exactly zero). 
Note that the single case that produces overflow for single- 
precision signed integer divide may be detected by checking 
the overflow in this correction step. 
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The complete algorithm is shown in Figure 20. It is important to 
remember that the zero status available at the end of the divide 
correction step is the sign compare flip-flop output, and does 
not reflect whether the final partial remainder is zero or not. 
Also, in interruptible systems, the division steps must not be 
interrupted, because the sign compare flip-flop cannot be 
saved or restored on the interrupt. However, division can be 
stopped and resumed provided no instruction in between 
affects the state of the sign compare flip-flop. Some examples 
of the correction for single-precision signed divide are shown in 
Figure 21. 

The shift linkage requirements for the divide steps are sum¬ 
marized in Figures 22, 23 and 24. These figures should be 
used as guidelines when microcoding the fields controlling the 
shift multiplexers in the 2904 for the divide steps. 

Except for the overflow problem, the same algorithm with minor 
variations in the preamble implements double-precision divi¬ 
sion. Of course, in this case, sign extension is not needed; 
instead, the least significant half of the double-precision divi¬ 
dend is loaded in the Q Register, the most significant half re¬ 
mains in the “dividend” registers, and, after the initial upshift by 
one bit, the divide steps are executed exactly as before. 

When a double-precision signed integer is divided by a single¬ 
precision signed integer, overflow occurs when the quotient 
requires more than n bits to represent. For example 22n-2 di¬ 
vided by 1 requires 2n bits to represent. A subset of these 
cases of overflow is the case where the magnitude of the quo¬ 
tient requires exactly n bits to represent, leaving no bits for the 
sign; and a special case of this is where the quotient magnitude 
is 2^-1. The preamble to the divide presented below detects 
the first two cases in that order, and the postamble detects the 
last case. 

The principle of overflow detection used here is to first calcu¬ 
late the quotient sign, and then calculate n + 1 bits of quotient. 
There is an overflow when bits n +1 and n differ from the sign. 
This detects cases where the quotient requires more than n-i-1 
bits to represent (quotient bit n + 1 differs from the quotient 
sign), and where the quotient requires exactly n + 1 bits to rep¬ 
resent (quotient bit n + 1 is the same as the quotient sign but 
quotient bit.n differs from the quotient sign). Unfortunately quo¬ 
tients with a magnitude of 2^-1 do not fit this scheme: when 
the quotient is -2n-l, this test indicates an overflow, and 
when the quotient is 2n-i (an overflow), this test does not 
show an overflow. In other words, when there is a disagree¬ 
ment between the n^h quotient bit and the quotient sign, it does 
not necessarily indicate an overflow; and it is not until all the 
quotient bits are calculated that it can be decided whether there 
was an overflow or not. This irregularity is a consequence of 
the asymmetry of the two’s complement number system. 

The implementation of this algorithm on the Am2903/203 is 
simplified by using a flip-flop on the SIO3 line out of the MSS'to 
store a copy of the new quotient bit calculated each cycle. If 
this flip-flop output is connected to a sequencer test multiplexer 
input, then testing of quotient bits can be pipelined. This is 
useful in the preamble for overflow detection and in the post¬ 
amble for the correction steps. 

The microcode for the double-precision divide is outlined in 
Figure 25. The divide operation is first applied to the dividend 
and divisor without the initial upshift of the dividend. This cal¬ 
culates the quotient sign and updates the sign compare flip- 
flop. At the end of the cycle, the complement of the quotient 


sign is setup at the input to the external flip-flop, which can be 
tested in the next cycle to determine the quotient sign. How¬ 
ever, the divide first operation has the side-effect of upshifting 
the dividend. This side-effect is undesirable because it pre¬ 
vents the divide step from calculating the n+1tb quotient bit. 
For this reason, the dividend is shifted down again with the sign 
bit of the status register selected as the linkage in. Following 
this, a divide step is executed and the algorithm terminated on 
overflow if the quotient bit calculated by the divide steps is dif¬ 
ferent from the sign bit. The algorithm proceeds to calculate the 
nth quotient bit. If the nth quotient bit agrees wijh the quotient 
sign, there still may be an overflow if the quotient turns out to 
be 2^-1; and if the nth quotient bit disagrees with the quotient 
sign, there still may not be an overflow if the quotient turns out 
to be -2^-1. So at this stage the algorithm cannot decide 
whether there is an overflow or not based on the quotient 
bit; instead, it proceeds to calculate the remaining quotient 
bits, retaining the information about potential overflow in the 
control flow. 

After the last divide step (the so-called “divide correction”), the 
algorithm again tests the state of the external flip-flop, “storing” 
it in the control flow. This last state of the divide flip-flop would 
be lost without the external flip-flop, since the quotient bit 
shifted in is always a I in this case, and the internal divide flip- 
flop is not updated. (The state of the external flip-flop after this 
cycle determines whether the correction requires incrementing 
or decrementing of the quotient). Concurrently with the testing 
of the external flip-flop, the microcode also passes the remain¬ 
der through the ALU to update the Z bit of the status register. In 
the next cycle, the Z bit is tested and the algorithm terminates if 
it is set. This is followed by a test for negative remainder and 
dividend. If the test fails, a branch is taken to the test for posi¬ 
tive dividend and remainder. Concurrently, the remainder is 
added to the divisor with lEN high and the Z flag again up¬ 
dated. This is the first part of the test for the absolute value of 
the remainder being equal to the divisor. In the next cycle, the 
Z flag is tested; if it is set, a branch is taken to the correction 
step. Again, in the same cycle, the remainder is subtracted 
from the divisor with lEN high to complete the magnitude test. 

In the following cycle, the Z flag is tested as before. If it is not 
set, the algorithm terminates. The test for positive dividend and 
remainder computes the OR of the remainder and initial di¬ 
vidend with lEN high, and updates the N flag of the status re¬ 
gister. In the next cycle the algorithm tests the N flag and exits 
if it is low, indicating that the dividend and remainder signs 
agreed. Otherwise, the correction steps are executed. 

The algorithm has been written for fastest execution, not 
shortest possible microcode. The technique of using the control 
flow to “remember” states of flags leads to duplication of code 
but saves cycles on testing flags and branching. At the end of 
the algorithm, there are two places where the quotient is in¬ 
cremented. One of these sequences corresponds to the 
“normal” case (quotient bit n agreed with quotient sign). This 
microcycle produces an overflow when the quotient is 2n-l. 
The other sequence where the quotient is incremented corres¬ 
ponds to the case where the nth pit of quotient disagreed with 
the quotient sign. This case is an overflow unless the quotient 
is -Zf’ “ 1; however, then an overflow is produced by the cor¬ 
rection, when 2n - 1 -1 is incremented. Hence, in this case, if 
the correction does not produce an overflow, then there is an 
overflow. 
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Figure 20b. Single-Precision Divide Microcode 


1. Y«- RqivSR. update Z FLAG; 

2. IF Z GOTO OVERFLOW, Q ^ RdivdnD. UPDATE N; 

3. IF NOT N GOTO UPSH, Rrem 0; 

4. Rrem—-1; 

UPSH: 5. UPSHIFT Rrem Q: 

6. FOR (n-3), FIRST DIVIDE OP (Rrem- RdivSR): 

7. ENDFOR, TWO’S COMPLEMENT DIVIDE OP (Rrem. RdiVSR); 

8. DIVIDE “CORRECTION” OP (Rrem- RdiVSR): 

9. Y <- Rrem. UPDATE Z, V; 

10. IF Z GOTO DONE, Y^.- Rrem AND RqivOND. UPDATE N; 

11. IF NOT N GOTO NORMCHK, Y ^ Rqivsr “ RreM. UPDATE Z; 

12. IP Z GOTO EQMAG, YRqivSR + RreM. UPDATE Z; 

13. IF Z GOTO EQMAGNXT, Y Q, UPDATE N; 


Test for divisor =0 
Test quotient sign for sign extension 
zero extend into Rrem 
O ne extend if negative 
Logic upshift Rrem and Q, zero fill 
Loop setup: load 2910 counter and push PC 
Rrem on B address; repeat n - 2 times 
Shift in‘1’into QlOo of LSS 
Test remainder for zero 
Done if remainder = 0, check for dividend 
and remainder being negative 
First half of magnitude check 
Other half of magnitude check 


DONE: 

14. 

IF NOT V RETURN, Rquot ^ Q: 

If magnitude equal, then go test 


15. 

GOTO OVERFLOW: 

sign of Q else return 

NORMCHK; 

16. 

Y <- Rrem OR Rdivdnd. update N; 

Check if remainder and dividend positive 


17. 

IF NOT N GOTO DONE, Y ^ Q, UPDATE N; 

If yes, exit 


18. 

IF N GOTO ADDONE; 

Increment negative quotients 

SUBONE: 

19. 

Rrem — Rrem + Rdivsr: 



20. 

Q ^ Q - 1, UPDATE V, GOTO DONE; 

This can never overflow since Q is odd 

EQMAG; 

21. 

Y ^ Q, UPDATE N; 


EQMAGNXT: 

22. 

IF N GOTO SUBONE: 

Decrement negative quotients 

ADDONE; 

23. 

Rrem Rrem - Rdivsr: 



24. 

Q ^ Q + 1, UPDATE V, GOTO DONE; 

This could overflow for positive Q 

OVERFLOW: 

25. 

(. . . . OVERFLOW MICROCODE) 

Note: Where Y is specified as destination, use lEN = HIGH. 
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Figure 21. Examples of Single-Precision Signed Divide 


Operation 

Before 

Correction 

After 

Correction 

Comments 

Q 

REM 

Q 

REM 

12-5 

3 

-3 

2 

2 

Normal correction; decrement positive 
quotients, increment negative quotients 

12 - -5 

-3 

-3 

-2 

2 

-12 - 5 

-3 

3 

-2 

-2 

-12 - -5 

3 

3 

2 

-2 

12-4 

3 

0 

3 

0 

No correction necessary: zero remainder 

12.-4 

-3 

0 

-3 

0 

-12-4 

-3 

0 

-3 

0 

-12 - -4 

3 

0 

3 

0 

12 - 3 

5 

-3 

4 

0 

Normal correction 

12 - -3 

-5 

-3 

-4 

0 

-12 - 3 

-3 

-3 

-4 ■ 

0 

Special case: increment positive quotients 

1 

•i- 

1 

CO 

3 

-3 

4 

0 

-32768 - -1 

32767 

-1 

-32768 

0 

Overflow! 

-32768 - 1 

-32767 

1 _ 

-1 

-32768 1 

0 

Special case 


Figure 22. Double Length Normalize/First Divide Operation 


F = [B] + Cn, Log. 2F - Y, B 2Q ^ Q 
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Figure 23. Two’s Complement Divide 


F = IBI + [A] + Cn if Z = 0 

F = (Bl - [A] - 1 + Cn if Z = 1 Log. 2F - Y, B 2Q Q 
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Figure 24. Two’s Complement Divide Correction 


F = [B] + [A] + Cn if Z = 0 

F= [B] - [A] -1+Cnif Z= 1 F-*Y,B 2Q^Q 
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Figure 25. Double-Precision Signed Division Microcode 


DONE: 
NORMCHK1; 
CORRECT1: 


SUB: 


NORMCHK2: 


NEGQUOT: 


POSSBLOVF; 


1. Q <-Rdivdndlsh; 

2- Rrem Rdivdndmsh; 

3. DIVIDE FIRST OP (Rrem.'RdivSR). UPDATE N; 

4. IF EXTQFF GOTO NEGQUOT, DOWNSH Rrem • Q WITH N FILL; 

5. TWO’S COMPLEMENT DIVIDE OP (Rrem. RdivSR): 

6. IF EXTQFF GOTO OVERFLOW, TWO’S COMPLEMENT DIVIDE OP (Rrem. RdivSR): 

7. IF EXTQFF GOTO POSSBLOVF, TWO’S COMPLEMENT DIVIDE OP (Rrem. RdiVSR): 

8. FOR (n - 5), TWO’S COMPLEMENT DIVIDE OP (Rrem. RdivSR); 

9. ENDFOR, TWO’S COMPLEMENT DIVIDE OP (Rrem. RdivSR): 

10. DIVIDE “CORRECTION” STEP (Rrem. RdiVSR): 

11. IF EXTQFF GOTO SUB, Y ^ Rrem. UPDATE Z; 

12. IF Z GOTO DONE, Y ^ Rrem AND RdivDNDMSH. UPDATE Z, V; 

13. IF NOT N GOTO NORMCHK1, Y ^ Rrem + RdivSR. UPDATE Z; 

14. IF Z GOTO CORRECT1, Y ^ Rrem “ RdiVSR. UPDATE Z; 

15. IF Z GOTO CORRECT1: 

16. IF NOT V RETURN, Rquot ^ Q; 

17. GOTO OVERFLOW: 

18. Y <- Rrem or RdiVDNDMSH. update N, V; 

19. IF NOT N GOTO DONE; 

20. Rrem Rrem + Rdivsr: 

21. Q^Q- 1, GOTO DONE; 

22. IF Z GOTO DONE, Y «- Rrem AND RdivDNDMSH. UPDATE Z, V; 

23. IF NOT N GOTO NORMCHK2, Y ^ Rrem + RdiVSR. UPDATE Z; 

24. IF Z GOTO CORRECT2, Y ^ Rrem - RdivSR. UPDATE Z; 

25. IF Z GOTO CQRRECT2: 

26. GOTO DONE; 

27. Y^ Rrem OR RdivDNDMSH. UPDATE N.V: 

28. IF NOT N GOTO DONE; 

29. Rrem Rrem - Rdivsr: 

30. Q ^ Q + 1, UPDATE V; 

31. GOTO DONE; 

32. TWO’S COMPLEMENT DIVIDE OP (Rrem. RdivSR): 

33. IF NOT EXTQFF GOTO OVERFLOW, TWO’S COMPLEMENT DIVIDE OP (Rrem. RdiVSR): 

34. IF EXTQFF GOTO LOOP, TWO’S COMPLEMENT DIVIDE OP (Rrem. RdiVSR): 

35. FOR (n-5), TWO’S COMPLEMENT DIVIDE OP (Rrem. Rdivsr): 

36. ENDFOR, TWO’S COMPLEMENT DIVIDE OP (Rrem. RdiVSR): 

37. DIVIDE “CORRECTION” STEP (Rrem. RdiVSR): 

38. IF NOT EXTQFF GOTO OVERFLOW, Rrem 0; 

39. Q<-Q + 1, UPDATE V; 

40. IF V GOTO DONE: 

41. GOTO OVERFLOW; 


Initialize Q Register 

Initialize remainder register Rrem 

Find quotient sign, setup external quotient flip-flop (EXTQFF) 

Branch on quotient sign; restore dividend by downshift 

Compute bit n -t-1 of quotient 

Error if different from sign; compute bit n of quotient 

Possible overflow if different from sign 

Iterate setup 

Iterate divide step 

Divide last step: quotient bit is always a ‘1’; setup EXTQFF 

Last state of EXTQFF decides direction of connection 

Exit if remainder zero; test for negative remainder and dividend 

If test failed, go check for positive remainder and dividend 

For negative remainder and dividend, check remainder magnitude 

If remainder magnitude = divisor magnitude, connect quotient 

Else if no overflow return 

Else overflow 

Check for positive dividend and remainder 
If test passed, done 
Else correct remainder 
Correct quotient, and exit 

This part of the algorithm repeats the correction code for the 
case where the last value of the EXTQFF was a high, 
indicating correction in the opposite direction. 


Executed instead of 5, 6, 7 when the quotient is negative 


This is executed when the nth quotient bit differs from the 
quotient sign. The division is completed to check whether 
the quotient is -2r>-i. 

This is signalled by an overflow in the correction step. 
Otherwise, there has been a division overflow. 
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BYTE SWAP 

The multi-port architecture of the Am2903 allows for easy im¬ 
plementation of high- and low-order byte swapping. Figure 26 
outlines a byte swap implementation utilizing two data ports. 
Initially, the lower order 8-bit byte is stored in devices 1 and 2, 
while the high-order byte is in devices 3 and 4. When the user 
wishes to exchange the two bytes, the register location of the 
desired word is placed on the B address port. When the byte 
swap line Is brought LOW, the bytes to be swapped will be 
flowing from the DB ports of the Am2903 through the 
Am2958/2959 Three-state Buffers. The outputs of the three- 
state buffers are permuted such that the byte swap is achieved. 


The resultant permuted data is "presented to the DA ports of the 
Am2903 where it is re-loaded into the memories of the Am2903 
on the next positive edge of CP using the source and function 
commands of F = A plus Cn (Cp = 0) for the Am2958 or F = A 
plus Cp (Cp = 0) for the Am2959 and the destination command 
F Y, B. 

A higher speed technique for achieving the byte swap opera¬ 
tion is illustrated in Figure 27. Instead of inputting the per¬ 
muted data via the DA ports, the p ermuted data is entered via 
the Y input/output ports with OE^ held HIGH. This technique 
bypasses the ALU, thus allowing faster operation. The Am2903 
destination command F Y, B should be used. 


Figure 26. Byte Swap. 


MSS LSS 

DEVICE 4 DEVICE 3 DEVICE 2 DEVICE 1 



MPR-057 


Figure 27. High Speed Byte Swap. 


MSS LSS 

DEVICE 4 DEVICE 3 DEVICE 2 DEVICE 1 
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Figure 28. Connections for Word/Byte Operations (Am29203 Only). 


NEGATIVE 

OVERFLOW 



MPR-719 


The Am2903 theoretically allows for an infinite memory expan¬ 
sion. Figure 27, Am2903 and Am29705, pictures a 4-bit slice of 
a system which has 48 words of RAM and 16 words of ROM. 
RAM storage is provided by the Am2903 and the Am29705s. 
The Am29705 RAM is functionally identical to the Am2903 
RAM. The Am27S19 is used to store constants and masks and 
is addressable from address port A only. The system Is or¬ 
ganized around five data buses. Inter-bus communication may 
be done through the Am29705s or the Am2903. The memory 
addressing scheme specifies the data source for the R input of 
the ALU eminating from the register locations specified by ad¬ 
dress field A. Ao -3 addresses 16 memory locations In each 
chip while address bits A 4.-6 a*'® decoded and used for the 
output enable for the desired chip. The B address field is used 
to select the S input of the ALU and the C field is used to 
specify the register location where the result of the ALU opera¬ 
tion is to be stored. 

Bits Bo _3 are for source register addressing in each chip. Bits B 4 
and B 5 are used for chip output enable selection. C 0-3 access the 


16 destination addresses on each chip while bits C 4 and C 5 
control the Write Enable of the desired chip. The source and 
destination register address are multiplexed such that when the 
clock is HIGH, the source register address is presented to the B 
address ports of the RAM’s. The Instruction Enable (lEN) is HIGH 
at this time. The data flows from the Y port or the internal B port as 
selected by the decoder whose inputs are B4 and B5. When the 
clock goes LOW, the data eminating from the selected Y outputs 
of the Am29705’s and the RAM outputs of the Am2903 are 
latched and the destination address is now selected for use by the 
RAM address lines. When the destination addres s stabili zes on 
the address lines, the lEN pin Is brought LOW, The WRITE output 
of the Am2903 will now go LOW, enabling the decoder sourced 
by address bits C4 and C5. The selected decoder line will go 
LOW, allowing the desired memory location to be written into. To 
switch between two- and three-address architecture, the user 
simply makes the source and destination addresses the same; 
i.e., Bo _3 = Co -3 and B 4_5 = 04 - 5 . For two-address ar¬ 
chitecture, the MUX is removed from the circuit. 
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Figure 29. Expanded 
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Ann2904 

Status and Shift Control Unit 


DISTINCTIVE CHARACTERISTICS 

• Replaces most MSI used around any ALU including the 
Am2901, Am2903 and MSI ALUs. 

• Generates Carry-In to the ALU 

Carry signal is selectable from 7 different sources. 

• Contains shift linkage multiplexers 

Conriects to shift lines at the ends of an Am2901 or Am2903 
array to Implement single and double length arithmetic and 
logical shifts and rotates - 32 different modes in alt. 

• Contains two edge-triggered status registers 

Use for foreground/background registers in controllers or as 
microlevel and machine level status registers. Bit manip¬ 
ulating instructions are provided. 

• Condition Code Multiplexer on chip 

Single cycle tests for any of 16 different conditions. Tests can 
be performed on either of the two status registers or directly on 
the ALU output. 


DESCRIPTION 

The Am2904 is designed to perform all the miscellaneous func¬ 
tions which are usually performed In MSI around an ALU. These 
include the generation of the carry-in signal to the ALU and carry 
lookahead unit; the interconnection of the data path, auxiliary 
register, and carry flip-flop during shift operations; and the stor¬ 
age and testing of ALU status flags. These tasks are ac¬ 
complished In the Am2904 by three nearly independent blocks of 
logic. The carry-in Is generated by a multiplexer. The shift link¬ 
ages are established by four three-state multiplexers. There are 
two registers for storing the carry, overflow, zero, and negative 
status flags. The condition code multiplexer on the Am2904 can 
look at true or complement of any of the four status bits and 
certain combinations of status bits from either of the storage 
registers or directly from the ALU. 


For additional applications refer to Chapter 4 of Bit Slice Micro¬ 
processor Design, Mick & Brick, McGraw Hill Publications. 


ARRAY OF 2901 OR 2 


M STATUS I I M STATUS 

REGISTER I I REGISTER 


CC SOURCE 
SELECT 


LOGIC 

(A B, A B, ETC,) 


TEST CONDITION (TO 2910 CC INPUT) 


BASIC FEATURES OF Am2904 

All the logic shown except the array of 2901s or 
2903s is contained in the Am2904. 
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BLOCK DIAGRAM 
•z* ‘n. IC' ‘ovr 
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PIN DEFINITIONS 

\z Zero status input pin, intended for connection to the 
Z outputs of the Am2903 or the F = 0 ouputs of the 
Am2901. 

Ic Carry status input pin, intended for connection to the 
Cn +4 output of the most significant ALU slice. 

I|sj Sign status input pin, intended for connection to the 
most significant ALU slice. The connection Is to the 
N pin on the Am2903, and the F 3 pin on the 
Am2901. 

Mqvr Overflow status input pin. Intended for connection to 
the OVR pin on the most significant ALU slice. 

lo_i 2 The thirteen instruction pins which select the opera¬ 
tion the Am2904 is to perform. 

CEm This pin, used in conjunction with Ez, Eq, Eovr 
acts as the overall enable for the machine status 
register. When the pin is LOW, MSR ^s may be 
modi fied, according to the states of E^, Eq, E^, 
Eovr- When HIGH, the MSR retain th e pre sent 
state, regardless of the state of Ez, Eo, En, Eqvr- 

Ez, Ec These pins, when LOW, enable the corresponding 

En, bits in the Machine Status Register. When HIGH, 

Eqvr they will prevent the corresponding bits from c hang- 

ing state. By using these pins together with the CEm 
pin, MSR bits can be selectively modified. 

CE^Lt This pin, when LOW, enables all four bits of the 
Micro Status Register. When this pin is HIGH, the 
jtxSR will not change state. 

Yz. Yc, These pins form a three-state bidirectional bus over 

Yn, which MSR and status can be read out or the 

Yqvr MSR can be loaded in parallel. 


OEy When LOW, this pin enables the Y pins as outputs. 
When HIGH, the Y outputs are in the high impe¬ 
dance state. 

CT The conditional test output. The output of the Condi¬ 
tion Code multiplexer appears here. 

OEct When this pin is LOW, the CT pin is active. When 
HIGH the CT pin is in the high impedance state. 

SIOq, These pins complete the linking for the various shift 

SlOn and rotate conditions. SIOq is intended for connec- 

QIOq tion to the SlOp pin of the least significant Am2903 

QlOn slice (RAMofor Am2901). SlOp connects to the SIO3 pin 
of the most significant Am2903 slice, (RAM 3 for 
Am2901). QlOp connects to the QIOq pin of the least 
significant Am2903 slice (QIOq for Am2901) and QlOp 
connects to the QIO3 pin of the most significant Am2903 
slice (Q3 for Am2901). 

SE This pin controls the state of the shift outputs. When 
LOW, the shift outputs are enabled. When HIGH, the 
shift outputs are in the high impedance state. 

Co This pin is the output of the Carry In control multi¬ 
plexer. It connects to the Cn input of the least sig¬ 
nificant ALU slice, and the Cn input of the Am2902A. 

Cx This pin is used as an input to the Carry In Control 
multiplexer which can route it to the Cq pin. The Cx 
pin is intended for connection to the Z output of the 
Am2903 to facilitate some of the Am2903 special in¬ 
structions. 

CP The clock input to the device. The /uSR and MSR are 
modified on the LOW to HIGH transition of the clock 
input. All other portions of the Am2904 are combina¬ 
tional and are unaffected by CP. 


ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, 
temperature range and screening level. 


Order Number 

Package Type 

(Note 1) 

Operating Range 

(Note 2) 

Screening Level 

(Note 3) 

AM2904DC 

D-40 

C 

C-1 

AM2904DC-B 

D-4C 

C 

B-2 (Note 4) 

AM2904DM 

D-40 

M 

C-3 

AM2904DM-B 

D-40 

M 

B-3 

AM2904FM 

F-42 

M 

C-3 

AM2904FM-B 

F-42 

M 

B-3 

AM2904LC 

L-44 

C 

C-1 

AM2904LM 

L-44 

M 

C-3 

AM2904LM-B 

L-44 

M 

B-3 

AM2904XC 

Dice 

e 1 

Visual Inspection 

AM2904XM 

Dice 

M J 

to MIL-STD-883 

Method 201 OB. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See 

Appendix B for detailed outline. Where Appendix B contains several dash numbers, any of the variations 
of the package may be used unless otherwise specified. 

2. C = 0 to +70°C, Vcc = 4.75 to 5.25V, M = -55 to +125°C, Vcc = 4.50 to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level 
B-3 conforms to MIL-STD-883, Class B. 

4. 96 hour burn-in. 


5-75 




Am2904 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Am2904 

Storage Temperature 

-65°C to +150'’C 

Temperature (Case) Under Bias 

-55°C to+125°C 

Supply Voltage to Ground Potential 

-0.5Vto+7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5V to Vcc Tiax. 

DC Input Voltage 

~0.5V to -F5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

-30mA to -F 5.0mA 


OPERATING RANGE 


P/N 

Range 

Temperature 

Vcc 

Am2904PC, DC 

COM’L 

Ta = 0°C to +70°C 

Vcc = 5.0V ±5^C (MIN. = 4.75V, MAX. = 5.25V) 

Am2904DM. FM 

MIL 

Tc = -55°C to>125°C 

Vcc = 5.0V ±10% (MIN. = 4.50V, MAX. = 5.50V) 


DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 


Typ. 

Min. (Note 2) Max. Units 


VOH 

Output HIGH Voltage 

Vcc = min., 

V|N = V|H orV|L 

Iqh = ~ 1 -OmA 

Yz> Yc. Yn. Yqvr 

2.4 



Volts 

Iqh — —0.8mA 

SlOo, SlOn. QlOo 

QlOn, CT, CO 

2.4 



Volts 

' 

VoL 

Output LOW Voltage 

Vcc = min., , 

V|N - V|HOr V|L 

Yz. Yc 

Yn- Yqvr 

Iql = 24mA (Com’l) 



0.5 


l 0 L= 16mA (MIL) 



0.5 

Volts 

SlOo, QlOo, CT. , . . 

SlOn, QlOn. CO ’O*- 



0.5 


V|H 

Input HIGH Voltage 

Guaranteed Input Logical HIGH Voltage for all Inputs (Note 7) 

2.0 



Volts 

V|L 

Input LOW Voltage 

Guaranteed Input Logical LOW Voltage for all Inputs (Note 7) 



0.8 

Volts 

V, 

Input Clamp Voltage 

Vcc = min., I|n = -18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max.. 

V,N = 0.5V 

CP 



-0.7 

mA 




-1.8 

iz- lc> In- Iqvr 



-1.2 

lo-ll 2 - Ez- ^N 

Eqvr. OEy, OEct. 

Cx- Yz, Yc. Yn, Yqvr 



-0.45 

SE, SIOq, SlOn, 

QlOo, QlOn 



-1.35 

>IH 

Input HIGH Current 

Vcc = max. 

V,N = 2.7V 

CP. I 0 -I 12 . Ei; ^ 

En- Eovr. OEy, OEct- Cx 



20 

aA 

5E;;r.5E?' 



80 

Iz- Ic- In- Iovr, SE 



60 

SIOq, SlOn. QlOo- QlOn 



110 

Yz, Yc, Yn. Yovr 



70 

ll . 

Input HIGH Current 

Vcc = max., V,n = 5.5V 



1.0 

mA 

•OZH 

•OZL 

Off State (High Impedance) 
Output Current 

Vcc = max. 

CT 

Vo = 2.4 

1 - 


50 

(jlA 

Vo = 0.5 



-50 

SIOq, SlOn, QlOo, QlOn 
(Note 4) 

Vo = 2.4 



110 

Vo = 0.5 



-1350 

Yz. Vc. Yn, Yovr 
(N ote 4) 

Vo = 2.4 



70 

Vo = 0.5 



-450 

•os 

Output Short Circuit Current 
(Note 3) 

Vcc = 5.75V. Vo = 0.5V 

-30 


-85 

mA 

•cc 

Power Supply Current 
(Note 6) 



Ta = 25°C 


180 

296 

mA 

Vcc = max. 

Am2904DC 

Ta = 0°C to +70“C 



318 

Ta = -F70°C 



262 ” 

Am2904DM, FM 

Tc = -55°C to-i-125°C 



348 

Tc =5 -i-125‘’C 



222 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate va|ue_specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. These are three-state outputs internally connected to TTL inputs. Input Characteristics are measured with output enables HIGH. 

5. ‘MIL ’ = Am2904 XM, DM, FM. “COM’L ” = Am2904 XC, PC, DC. 

6. Worst case Ice is at minimum temperature. 

7. These input levels provide zero noise immunity and should only be static tested in a noise-free environment (not functionally tested.) 
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Am2904 ARCHITECTURE 

The Am2904 Status and Shift Control Unit provides four 
functions which are included in all processors. These are: 
a) Status Register, b) Condition Code Multiplexer, c) Shift 
Linkages and d) Carry-in Control. The architecture and in¬ 
struction codes have been designed to complement the flexi¬ 
bility of the 2900 Family. 

Status Register 

The Am2904 contains two four-bit registers which can store 
the status outputs of an ALU: Carry (C), Negative (N), Zero 
(Z), and Overflow (OVR). They are designated Micro Status 
Register (mSR) and Machine Status Register (MSR). Each 
register can be independently controlled. The registers use 
edge-triggered D-type flip-flops which change state on the 
LOW to HIGH transition of the Clock Input. 

The jLtSR can be loaded from the four status inputs (Iq, In. Iz. 
Iqvr) or from the MSR under instruction control (Iq-s). The 
bits in the /xSR can also be indivi dual ly set or reset under in¬ 
struction control (Iq-s)- When the CE/x input is HIGH, the /^SR 
is inhibited from changing, independent of the I 0-5 inputs. 

The MSR can be loaded from the four status inputs (Ic, In. Iz. 
Iqvr). from the /uSR, and from the four parallel input/output 
pins (Yc, Yn, Yz, Yqvr) under instruction control (Iq-s) The 
MSR can also be set, reset or complemented under instruc¬ 
tion control (Iq-s)- The bits in the MSR can be selectively up¬ 
dated by contr olling the four bit-enable input s (Ez , En, Eq, 
Eqvr) and the CE^ input. A LOW on both the CE^ input and 
the bit enable input for a specific bit enables updating that bit. 
A HIGH on a given bit enable input pre vents the corresponding 
bit changing in the MSR. A HIGH on CE^ prevents any bits 
changing in the MSR. 

The four parallel bidirectional input/output pins (Yz, Yn, Yq, 
Yqvr) allow the contents of both the fxSR and the MSR to be 
transferred to the system data bus and also allows the MSR to 
be loaded from the system data bus. This capability is used to 
save and restore the status registers during certain subroutines 
and when servicing interrupts. 

Condition Code Multiplexer 

The Condition Code Multiplexer output, CT, can be selected 
from 16 different functions. These include the true and com¬ 
plemented state of each of the status bits and combinations of 
these bits to detect such conditions as “greater than”, 
“greater than or equal to”, “less than” or “less than or equal 
to” for unsigned or two’s complement numbers. 

The Am2904 can perform these tests on the contents of the 
/xSR, the MSR or the direct status jnputs, (Iz, In. Ic- Iqvr)* 
The CT output is used as the test (CC ) inpu t of the Am2910 
and is provided with an output enable, OEct to make the ad¬ 
dition of other condition inputs to this point easy. 

Shift Linkage Multiplexer 

The Shift Linkage Multiplexer generates the necessary link¬ 
ages to allow the ALU to perform 32 different shift and rotate 
functions. Both single length and double length shifts and ro^ 
tates, with and without carry (Mq), are provided. When the SE 
input is HIGH, the four input/output pins (SIOq, SlOn, QIOq, 
QlOn) are disabled. The SIOq, SlOp, QIOq, QlOn pins of the 
Am2904 are intended to be directly connected to the RAMq, 
RAM 3 , Qq and Q 3 pins of the Am2901 or the SIOq, SIO 3 , QIOq, 
QIO 3 pins of the Am2903. 

Carry-ln Control Multiplexer 

The Carry-In Control Multiplexer generates the Cq output 
which can be selected from 7 functions (0, 1, Cx, ju-c. Mq. T^c. 


Me). These functions allow easy implementation of both single 
length and double length addition and subtraction. The Cx 
input is intended to be connected fo the Z output of the 
Am2903 to facilitate execution of some of the Am2903 special 
Instructions. The Cq pin is to be conriected to the C^ pin of 
the least significant Am2901 or Am2903 and the Cp pin of the 
Am2902A. 

Am2904 INSTRUCTION SET 

The Am2904 is controlled by manipulating the 13 instruction 
lines. Ip- 12 . toge th er w i th the /me enable lines, CE^, CE^, 
Ez, Ec, En, Eqvr. OEy, OEct. SE. Most systems will save on 
microword bits by tying some of these lines to a fixed level or 
by connecting certain lines together, or by decoding mic¬ 
roinstructions to generate appropriate Am2904 controls. 

Status Registers 

Instruction lines I5, I4, I3, I 2 , I 1 , Iq control the Status Registers. 
Below, these lines are referred to as two octal digits. 

M/cro Status Register (fjiSR) 

The instruction codes for the Micro Status Register fall into 
three groups: Bit Operations, Register Operations and Load 
Operations (See Table 1 and Map 1). All operations require 

TABLE 1. MICRO STATUS REGISTER 
INSTRUCTION CODES. 


Bit Operations 


I543210 

Octal 

AtSR 

Operation 

Comments 

10 

0 MZ 

RESET ZERO BIT 

11 

1 -> MZ 

SET ZERO BIT 

12 

0 

t 

0 

RESET CARRY BIT 

13 

1 Me 

SET CARRY BIT 

14 

0 MN 

RESET SIGN BIT 

15 

1 -> MN 

SET SIGN BIT 

16 

0 MOVR 

RESET OVERFLOW BIT 

17 

1 MOVR 

SET OVERFLOW BIT 


Register Operations 


•543210 

Octal 

mSR 

Operation 

Comments 

00 

Mx MX 

LOAD MSR TO mSR 

01 

I ^ MX 

SET mSR 

02 

Mx MX 

REGISTER SWAP 

03 

X 

t 

0 

RESET mSR 


Load Operations 


•543210 

Octal 

mSR 

Operation 

Comments 

06. 07 

•Z MZ 
•C ^ MC 
•n mn 

•oVR + MOVR MOVR 

LOAD WITH 

OVERFLOW RETAIN 

30. 31 

50. 51 

70. 71 

]Z MZ 

Ic ^ MC 
•n mn 

•oVR MOVR 

LOAD WITH 

CARRY INVERT 

04. 05 

20-27 

32-47 

52-67 

72-77 

Iz ->■ MZ 
'C MC 

•n mn 

■oVR MOVR 

LOAD DIRECTLY 

FROM 

•z- Ic- In- bvR 


Note: The above tables assume CE /n is LOW. 
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MAP 1. MICRO STATUS REGISTER INSTRUCTION CODES. 



Notes; 1. A)l unmarked locations are a load 
direct from Iz, Iq, In. Iqvr- 

that be LOW to operate. 

Instruction Codes 10e to ITg are BIT operations. These oper¬ 
ations set or reset the individual bits in the /xSR. 

Instruction Codes OOe to OSe are REGISTER operations. 
These operations affect all bits in the fiSR. 

OOg This instruction loads the /xSR with the contents of 
the MSR while loading the MSR from the Y inputs 
and is further explained under “INTERRUPTS”. 

018 This instruction SETS all /u-SR bits. 

028 This instruction SWAPS the contents of the /u,SR 
and the MSR. It will also COPY one register to the 
other if the register to be copied is not enabled. 

OSg This instruction RESETS all /aSR bits. 

All Instruction codes except those mentioned in the 
above two sections cause a LOAD operation from 
the Iz, Ic. In. bvR inputs. 

OOg, 07q When a series of arithmetic operations are being 
executed sometimes it is not necessary to test for 
an overflow condition after each operation, but 
rather it Is sufficient simply to know that an overflow 
occured during any one of the operations. Use of 
these instructions captures the overflow condition by 
loading the /xSR overflow bit with the LOGICAL OR 
of its present state and Iqvr- Thus, once an over¬ 
flow occurs, /uOVR will remain set throughout the 
remaining operations. 

308 ,310, These instructions cause a load from the I inputs, 
508,518, but invert the carry bit. The reason for this is 
TOg, Tig explained more fully under the “BORROW SAVE” 
section. 

All The remaining instructions load the fiSB directly from 
others the Iz, Ic. In. Iqvr inputs. 

Machine Status Register (MSR) 

The instruction codes for the MSR fall Into two groups; REG¬ 
ISTER Operations and LOAD Operations. All operations re¬ 
quire that CEm be LOW to operate (See Table 2 and Map 2). 


BIT operations are accomplished by the u se of Register or 
Load Operations with the Ez, Ec, En, Eqvr inputs selectively 
set LOW. 

Instruction codes OOg-OSg and 058 opera tions. 

They affect only those bits enabled by Ez, Ec, En, Eqvr- 

OOg This Instruction loads the MSR from the Y inputs 
while transferring the present contents to the ptSR. 
The use of this instruction is further explained under 
“INTERRUPTS”. 

018 This instruction SETS all enabled MSR bits. 

028 This instruction SWAPS the contents of the /jlSB 
and the MSR. It will also COPY one register to the 
other if the register to be copied is not enabled. 

OSg This Instruction RESETS all enabled MSR bits. 

OSg This instruction COMPLEMENTS all enabled MSR 
bits. 

All instruction codes except those mentioned in the above 
section cause a LOAD operation from the Iz, Ic. In. ^ovr in¬ 
puts. 

040 The Am2904 Shift Linkage Multiplexer allows for 
shifts and rotates through the MSR CARRY bit. 
Some machines require a shift or rotate through the 
OVERFLOW bit. By using this code, which swaps 
the contents of the MSR CARRY bit (Mq) and 
OVERFLOW bit {Mqvr), fh© shift or rotate can be 
made to appear to take place through the OVER¬ 
FLOW bit. The procedure is to swap the bits, shift 
or rotate (any number or positions) then swap the 
bits again. 


TABLE 2. MACHINE STATUS REGISTER 
INSTRUCTION CODES. 

Register Operations 


*543210 

Octal 

MSR 

Operation 

Comments 

00 

Yx ^ Mx 

LOAD Yz. Yc, Yn. Yovr 

TO MSR 

01 

1 -> Mx 

SET MSR 

02 

/^X Mx 

REGISTER SWAP 

03 

0 —>• Mx 

RESET MSR 

05 

Mx Mx 

INVERT MSR 


Load Operations 


I 543210 

Octal 

MSR 

Operation 

Comments 

04 

Iz Mz 

Mqvr Mq 

In Mn 

Me Mqvr 

LOAD FOR SHIFT 

THROUGH OVERFLOW 
OPERATION 

10, 11 

30, 31 

50, 51 

70, 71 

Iz Mz 

•c Me 

'n Mn 

'ovR Mqvr 

LOAD WITH 

CARRY INVERT 

06, 07 
12-17 

20-27 

32-37 

40-47 

52-67 

72-77 

Iz Mz 

Ic ->■ Me 

In Mn 

•ovR Mqvr 

LOAD DIRECTLY 

FROM Iz, Ic 
'n> >ovr 


Notes: 1 . The above tables assume CEm, Ez, E^, En, Eqvr are 
LOW. 


2. A shift-through-carry instruction loads Mq irrespective of 
•s-'o- 
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MAP 2. MACHINE STATUS REGISTER 
INSTRUCTION CODES. 


000 

001 

010 

oil 

100 

101 

,.o 1 

000 

LOAD 
MSR 
FROM Y 

SET 

MSR 

REG 

SWAP 

RESET 

MSR 

SWAP 

MC'^OVR 

INVERT 

MSR 

_ 


001 

LOAD WITH 

CARRY INVERT 





010 







oil 

LOAD WITH 

CARRY INVERT 





100 







101 

LOAD WITH 

CARRY INVERT 





110 








LOAD WITH 

CARRY INVERT 






Note 1. All unmarked locations are a load direct from Iq. Iovr- •n- 


lOe, 118 These instructions cause a load from the I inputs 
308,310 but invert the CARRY bit. The reason for this is 
508,510 explained more fully under the “BORROW SAVE” 
700,710 section 

Condition Code.Multiplexer 

The four instruction lines I 3 , I 2 , I 1 , Iq will select one of 16 pos¬ 
sible operations to be carried out on the input bits, the result 
being routed to the Conditional Test Output (CT). Eight of the 
operations supply an individual status bit or its complement to 
the CT output. Another four do more complex operations while 
the remaining four are the complemented results of these 
(See Table 4). 


TABLE 3. Y OUTPUT INSTRUCTION CODES. 


OE^ 

>5 

I 4 

Y Output 

Comment 

1 

X 

X 

z 

Output Off 

High Impedance 

0 

0 

X 

i^i -> Yj 

See Note 1 

0 

1 

0 

Mj -> Yi 


0 

1 

1 

!i -^Yj 



060 , 070 These instructions load the MSR directly from the 
120-270 Iz, Iq, In. Iqvr inputs. 

320-470 

520-670 

720-770 


Notes: 1. For the conditions: 

Is, I4 , I3, i2, I1, Iq are LOW, Y is an input. 
OEy is “Don’t Care" for this condition. 

2. X is “Don’t Care" condition. 


TABLE 4. CONDITION CODE OUTPUT (CT) INSTRUCTION CODES. 


I3-O 

HEX 

•3 

*2 

•1 

•0 

I5 = >4 = 0 

II 

0 

It 

J£i 

0 

II 

J£> 

I5 = I4 = 1 

0 

0 

0 

0 

0 

(mn©MOVR) + MZ 

(mn©MOVr) + MZ 

(Mn © Mqvr) + Mz 

(In© Iqvr) + Iz 

1 

0 

0 

0 

1 

(/aN®AAOVR) • 

(mn®MOVr) * MZ 

(Mm© Mqvr) * ^^z 

(In® Iqvr) * Iz 

2 

0 

0 

1 

0 

MN © M-OVR 

mn©movr 

Mn© Mqvr 

In© Iqvr 

3 

0 

0 

1 

1 

M^/2>MOVR 

MN0MOVR 

Mn® Mqvr 

In® Iqvr 

4 

0 

1 

0 

0 


MZ 

M 2 

Iz 

5 

0 

1 

0 

1 


MZ 

Mz 

Iz 

6 

0 

1 

1 

0 

^OVR 

MOVR 

Mqvr 

Iqvr 

7 

0 

1 

1 

1 

/^OVR 


Mqvr 

Iqvr 

8 

1 

0 

0 

0 

MC + M2 

MC MZ 

Me + Mz 

lc + lz(2) 

9 

1 

0 

0 

1 

MC'MZ 

MC*MZ 

Me • Mz 

IC'IZ(2) 

A 

1 

0 

1 

0 

MC 

MC 

Me 

Ic 

B 

1 

0 

1 

1 

MC 

Pc 

Me 

]c 

C 

1 

1 

0 

0 

Mc + MZ 

N 

4. 

+ 

j^e "I" Mz 

Ic + Iz 

D 

1 

1 

0 

1 

MC * MZ 

MC*MZ 

Me • Mz 

Ic ’ Iz 

E 

1 

1 

1 

0 

•n© Mn 

mn 

Mn 

Jn 

F 

1 

1 

1 

1 

In©Mn 

Pu 

1 Mn 

In 


Notes: 1 . @ Represents EXCLUSIVE-OR 2. Correct code as stated. 

© Represents EXCLUSIVE-NOR or coincidence. 


TABLE 5. CRITERIA FOR COMPARING TWO NUMBERS FOLLOWING “A MINUS B’’ OPERATION. 



For Unsigned Numbers 

For 2’s Complement Numbers 

Relation 

Status 

•3-0 

Status 

•3-0 

CT = H 

.J 

11 

C 

0 

H 

II 

X 

CT = L 

A = B 

Z = 1 

4 

5 

Z = 1 


5 

A ^ B 

Z = 0 

5 

4 

Z = 0 

5 

4 

A ^ B 

C = 1 

A 

B 

N0OVR = 1 

3 

2 

> 

A 

00 

C = 0 

B 

A 

N © OVR = 1 

2 

3 

A > B 

C-Z = 1 

D 

C 

(N©OVR)»Z = 1 

1 

0 

A ^ B 

C + Z = 1 

C 

D 

(N © OVR) + Z = 1 

0 

1 


© = Exclusive OR H = HIGH Note: For Am2910, the CC input is active LOW, so use I3.0 code to produce 

0 = Exclusive NOR L = LOW CT = L for the desired test. 
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The more complex operations are intended to follow the calcu¬ 
lation A-B to give an indication of which is the larger (A, B un¬ 
signed) or more positive (A, B in 2’s complement form). See 
Table 5. 

The two instruction lines I4, I 5 select whether the /uSR, the 
MSR or the direct inputs l^, Ic. In. Iovr Q*'® used as the inputs 
to the Y output buffer and the CT output (see Tables 3 and 4). 

Instruction codes 160 and 178 the EXCLUSIVE - OR 
and the EXCLUSIVE - NOR functions of and l^. The use 
of these instructions is explained under “NORMALIZING”. 

Shift Linkage Muitiplexer 

The five instruction lines ho. I 9 , Is. •?. *6 control the SHIFT 
LINKAGE multiplexer. All instructions set up the linkages for 
both the ALU shifter (RAM shifter on the Am2901A) and the Q 
register. 

UP and DOWN shifts are decided by I 10 which should be 
connected to \q of the Am2903’s instruction lines or h of the 
Am290Ts instruction lines. A wide range of input and output 
connections are provided, allowing for single or double length 
shifting or rotating with or .without the use of the MSR CARRY 
or SIGN bits (See Table 7). 

In the following discussion of some of the shifts the instruction 
codes are given as two octal digits AB; A represents ho. B 
represents la, I7, le- 

When adding and down shifting on the same microcycle, (i.e. 
when doing multiplication or averaging) the shifter Input must 
be the present CARRY, Iq, rather than the carry resulting from 
the last cycle (Me). Instruction Code 138 accomplishes this for 
unsigned arithmetic. For 2’s complement arithmetic, the re¬ 
quired shifter input is: 1^ 0 Iqvr This is provided by Instruc¬ 
tion Code ISb- 

Instruction Codes lAa, ISs, 178 provide the RIGHT ROTATE 
THROUGH CARRY, ROTATE BRANCH CARRY and RO¬ 
TATE WITHOUT CARRY functions respectively. 

Instruction Codes 348, SSa, 378 provide the LEFT ROTATE 
THROUGH CARRY, ROTATE BRANCH CARRY and RO¬ 
TATE WITHOUT CARRY functions respectively. 

The shift outputs are in the high impedance state unless SE is 
LOW. 

Loading of the Me bit by a shift operation overrides any load¬ 
ing or holding of the Me bit by MSR Instructions (Iq-s, CEy 
and Ec). 

“CARRY-IN” Control Muitiplexer 

The two instruction lines I- 12 , In control the source of the 
CARRY output (Cq). 

When I 12 = 0 Cq = I 11 

When I12 = 1 and In = 0 , the external carry input Cx is pre¬ 
sented to the carry output. 

When jha. = ^ csifiY output is selected from fxc , /Ic. 

Me or Me as defined by I5,13, 12 , h (See Table 6). 

APPLICATIONS INFORMATION 
Borrow - Save 

One of the capabilities of the Am2900 Family is the complete 
emulation of other processing machines. One requirement of 
an emulator is that, when a calculation is being performed, not 
only must the answer obtained from the Am2900 chips be the 
same as that from the machine being emulated, but after each 
machine level instruction, the status bits must be indentical. 


TABLE 6. CARRY-IN CONTROL 
MULTIPLEXER INSTRUCTION CODES. 


*12 

*11 

I5 

•3 

•2 

h 

0 

0 

0 

0 

X 

X 

X 

X 

'0 

0 

1 

X 

X 

X 

X 

1 

1 

0 

X 

X 

X 

X 

Cx 

1 

1 

0 

0 

X 

X 

AC 

1 

1 

0 

X 

1 

X 

AC 

1 

1 

0 

X 

X 

1 

AC 

1 

1 

0 

1 

0 

0 

AC 

1 

1 

1 

0 

X 

X 

Me 

1 

1 

1 

X 

1 

X 

Me 

1 

1 

1 

X 

X 

1 

Me 

1 

1 

1 

1 

0 

0 

Me 


There are alternative methods for subtracting in a digital 
machine and the state of the CARRY after the calculation de¬ 
pends on the method. For instance, the subtraction of 0100 
from 1010 by the 2’s complement add method generates a 
result of 0110 with a CARRY. Direct subtraction however, 
yields an answer of 0110 with no BORROW, 

Many machines store the state of the CARRY for subtract op¬ 
erations, and this is the recommended method for maximum 
effective use of the Am2904, but, to allow those machines 
which store the BORROW to be efficiently emulated, the 
Am2904 has allocated special instructions. Using these codes 
causes the CARRY bit to be inverted before storage in the 
status registers and also re-inverts these status bits before 
using them as carry inputs. These codes are lOa, 118. 308, 
318, 508. 518, 708. 718 (I 5 - 0 ). 

Notice that when these codes are used to load the inverted 
CARRY to either of the status registers, the CT Output 
selected by the Condition Code Multiplexer assumes the 
CARRY is inverted and still defines whether A > B or A ^ B 
(See Table 4). 

Similarly, when doing a compare on a machine which saves 
the borrow, testing for A > B, A^ B forces the complement of 
the CARRY to be stored in the status registers (See Tables 1 
and 2). 

Normalizing 

Normalizing is the process of stripping off all leading sign bits 
until the two most significant bits are complementary. The 
Am2904 facilitates both single and double length normaliza¬ 
tion in the Am2901 and the Am2903. When using the NOR¬ 
MALIZE special instructions with the Am2903, the EXCLU¬ 
SIVE - OR of the most significant two bits is generated at the 
Cn +4 pin of the most significant Am2903. The EXCLUSIVE - 
OR of the two bits next to the most significant bit is also gen¬ 
erated at the OVR pin. The procedure for normalizing then is 
to loop on the normalize instruction with a branch condition on 
the Cn-i -4 state or the OVR state, depending on the architec¬ 
ture employed. The Cn +4 or OVR output is routed to the 
Am2910 CC input through the Am2904 Condition Code mul¬ 
tiplexer. As the contents of the status registers always refers 
to the last cycle, not the present one, the last operation in 
Normalizing is to downshift, bringing the sign bit (M^) back 
into the most significant bit position. This is achieved using 
the shift operations 058 (lio-e) double length normalizing. 
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and 028 single length normalizing. For more details re¬ 
garding normalizing with the Am2903 see the Am29d3 data 
sheet. 

The Am2901 does not have the EXCLUSIVE - OR gates to help 
with normalizing, so the Am2904 includes in the Condition Code 
multiplexer the EXCLUSIVE - OR and EXCLUSIVE - NOR 
functions of (the sign bit resulting from the last operation) and 
lisi (the sign bit resulting from the present operation). 


Interrupts 

Some machines allow interrupts only at the machine instruc¬ 
tion level while others allow them at the microinstruction level. 
The Am2904 is designed to handle both cases. 

When the machine is interrupted, it is necessary to store the 
contents of either the MSR (machine instruction level inter¬ 
rupts) or both the status registers (micro instruction level inter¬ 


rupts) Into an external store. This transfer is intended to take 
place over the Y Input/output pins (See Table 3). 

After the interrupt has been serviced the registers must be re¬ 
stored to their pre-interrupt state. This is accomplished by two 
operations of instruction OOe ( 15 - 0 ) which loads the MSR from 
the Y inputs while loading the >SR from the MSR. Thus, the 
pre-interrupt contents of the /aSR are first loaded to the MSR 
(first instruction OOa), then this data Is transferred to the /xSR 
while the MSR is restored to its pre-interrupt state (second in¬ 
struction OOs). 

In controllers and some other microprogramrned machines the 
applications program Itself is often In the microprogram mem¬ 
ory; that is, there is no macroinstruction set. These machines 
require only a microstatus register since there is no separate 
machine status. The MSR in the Am2904 can be used as a 
one-level stack on the microstatus register. When an interrupt 
occurs, the aiSR and the MSR are simply swapped (Is-o = 
028 ). 
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SWITCHING CHARACTERISTICS 


The tables below define the Am2904 switching characteristics. Tables A are set-up and hold times relative to the clock LOW-to-HIGH 
transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V with input levels at 
OV or 3V. All values are in ns. All outputs have maximum DC loading. 


GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 

(Ta = 0 to +70"C, Vcc 4.75 to +5.25V, Cl = 50pF) 


A. Set-up and Hold Times (ns) 


Input 

ts 

th 

•zi In. Iqvr 

14 

5 

Ic (li I 2 I 3 = 001) 

27 

5 

ic Cl I 2 I 3 001 ) 

14 

5 

CE^t 

18 

3 

^M 

23 

3 

Ez. Ec. En 

Eqvr 

22 

3(b) 

I 0 -I 5 

41 

1_ . 

1 

le-'io 

40 

1 

SE 

36 

0 

Yz. Yc- Yn, Yqvr 
do-s = LOW) 

15 

5 

SlOo, SlOn, 

QIOo, QlOn 

20 

5 


B. Combinational Delays (ns) 


From (Input) 

To (Output) 

tpd 

'z 

Yz 


Ic 

Yc 


In 

Yn 


•OVR 

Yqvr 

38 

CP 

Yz. Yc, Yn, Yqvr 

41 

I 4.15 

Yz. Yc. Yn, Yqvr 

35 

iz. Ic. In. Iqvr 

CT 

33 

CP 

CT 

36 

I 0 -I 5 

CT 

33 

Cx 

Co 

20 

CP 

Co 

27 

h, 2 , 3 , 5 . 11,12 

Co 

39 

SlOn, QlOn 

SlOo 

19 

SlOo, QIOo 

SlOn_ ; 

19 

Ic- In- Iqvr 

SlOn 

26 

SlOn, QlOn 

QIOo 

19 

SlOo, QIOo 

QlOn 

19 

CP 

SlOo, SlOn 

QIOo, QlOn 

30 


SlOo, SlOn 

26 

le-ho 

QIOo, QlOn 


C. Clock Requirements (ns) 


Minimum Clock LOW Time 

20 

Minimum Clock HIGH Time 

20 


D. Enable/Disable Times (ns) 

Cl = S.OpF for output disable tests 


From 

(Input) 

To 

(Output) 

Enable 

Disable 

OEct 

CT 

23 

18 

SE 

SlOo, SlOn 

QIOo, QlOn 

30 

12 

*10 

SlOo, SlOn 

QIOo, QlOn 

39 

29 

OEy 

1 Yz. Yc. Yn. Yqvr 

26 

21 

I 0 -I 5 

I Yz. Yc. Yn. Yqvr | 28 | 

.40 


GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 

(Tc - -55 to +125°C, Vcc 4.5 to +5.5 V,,Cl = 5GpF) 


A. Set-up and Hoid Times (ns) 

Input _ ts th 

*z. In- IqVR _ 15 5 _ 

lc(li l2l3 - 001) 28 5 

IcOi I2l3 001) 15 5 

CEm 20 3 

_ 23 4 

pjc. En 23 4 

toVR 


Yz. Yc, Yn, Yqvr 
(Iq-S = LOW) 

SlOo, SlOn, 

QIOq, QlOn 


B. Combinationai Deiays (ns) 


From (Input) 


Iqvr _ 

CP 

U. I 5 _ 

‘z. Iq. In. Iq vr 
CP 

*0~*5 _ 

Cx 

CP 

*1, 2, 3, 5, 11, 12 
SlOn, QlOn 

SI Oq, QIOq _ 

Iq. In- Iqvr_ 

SlOn, QlOn 
SIOq, QIOo 


To (Output) 


_ ^Z. Yc, Yn, Yqvr 
Yz. Yc, Yn. Yqvr 
CT 
CT 

CT_^ _ 

Cq _ 

C o _ 

_Co__ 

SIO q_ 

SlOn _ 

SlOn_ 

_QIO^ 

QlOh _ 

SIOq, SlOn 
QIOo, QlOn 
SlOo, SlOn 
QIOo, QlOn 


C. Clock Requirements (ns) 

Minimum Clock LOW Time 25 

Minimum Clock HIGH Time 25 


D. Enable/Disabie Times (ns) 

Cl = 5.0pF for output disable tests 

m To 

jt) (Output) Enable Disable 

T CT 25 18 

SlOo, SlOn .. 

_ QIOq, QlOn _ 

SlOo, SlOn 43 32 

QIOo, QIO„ 


^7 ’ Yq. Yn, Yqvr 
Yz. Yc, Yn, Yqvr _ 
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TEST OUTPUT LOAD CONFIGURATIONS FOR Am2904 


A. THREE-STATE OUTPUTS 


Vcc 



B. NORMAL OUTPUTS 


Vcc 



lOH 

5.0 - Vbe - Vql 

Ri = -^— 

•OL + V0L/R2 


Notes; 1. Cl = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 

2. Si, S 2 , S 3 are closed during function tests and all AC tests except output enable tests. 

3. Si and S 3 are closed while S 2 is open for tpzn test. 

Si and S 2 are closed while S 3 is open for tpzL test. 

4. Cl = 5.0pF for output disable tests. 

TEST OUTPUT LOADS FOR Am2904 


Pin # 
(DIP) 

Pin Label 

Test 

Circuit 

Ri 

R2 

25 

Co 


470 

3K 

27 

CT 

A 

430 

IK 

28 

Yqvr 

A 

220 

IK 

29 

Yn 

A 

220 

IK 

31 

Yc 

A 

220 

IK 

32 

Yz 

A 

220 

IK 

33 

QIOn 

A 

430 

IK 

34 

QlOo 

A 

430 

1K 

35 

SIOn 

A 

430 

IK 

36 

SlOo 

A 

430 

IK 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1 . Insure the part is adequately decoupled at the test head. . 

Large changes in Vcc current as the device switches may 
cause erroneous function failures due to Vcc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 

Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground 
cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 

For additional information on testing, see section 
“Guidelines on Testing ArTi2900 Family Devices.” 


4. Use extreme care in defining input levels for AC tests. Many 
Inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
V|L ^ 0.4V and Vm > 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6 . To assist in testing, AMD offers complete documentation 
on our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Figure 2. Typical Application of Am2904 with Am2903. 
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Quad Two-Input DC Bus Transceiver with Three-State Receiver 


Distinctive Characteristics 

• Quad high-speed LSI bus-transceiver 

• Open-collector bus driver 

• Two-port input to D-type register on driver 

• Bus driver output can sink 100 mA at 0.8V max. 


• Receiver has output latch for pipeline operation 

• Three-state receiver outputs sink 12 mA 

• Advanced low-power Schottky processing 


FUNCTIONAL DESCRIPTION 

The Am 2905 is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microprocessor 
system applications. The device consists of four D-type 
edge-triggered flip-flops with a built-in two-input multi¬ 
plexer on each. The flip-flop outputs are connected to four 
open-collector bus drivers. Each bus driver is internally con¬ 
nected to one input of a differential amplifier in the receiver. 
The four receiver differential amplifier o^utputs drive four 
D-type latches that feature three-state outputs. 

This LSI bus transceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS in¬ 
puts) are one LS unit load; The open-collector bus output 
can sink up to 100 mA at 0 . 8 V maximum. The BUS input 
differential amplifier contains disconnect protection diodes 
such that the bus i^^ll-safe when power is not applied. The 
bus enable input (BE) is used to force the driver outputs to 
the high-impedance state. When BE is HIGH, the driver is 
disabled. The open-collector structure of the driver allows 
wIred-OR operations to be performed on the bOs. 

The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Aj data is stored 
in the register and when S is HIGH, the Bj data is stored. 
The buffered common clock (DROP) enters the data Into 
this driver register on the LOW-to-HIGH transition. 

Data from the A or B Inputs is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver Input to 
receiver output. The four receivers each feature a built-in 
D-type latch that is controlled fro m the buffered receiver 
latch enable (RLE) input. When the RLE input is LOW, the 
latch is open and the receiver outputs will follow the bus 
inputs (BUS data inverted and OE LOW). When the RLE 
input is HIGH, the latch will close and retain the present 
data regardless of the bus input. The four latches have three- 
state outputs and are controlled by a buffered common 
three-state control (OE) input. When OE Is HIGH, the 
receiver outputs are in the high-impedance state. 


LOGIC SYMBOL 


,4 3 8 9 16 15 20 21 



Aq ^0 

A-j B*| A2 B2 A^ 

13 - 

S 

Ro 

23 - 

DROP 

Rl 

11 —0 

BE 

Am2905 

1 —0 

RLE 

R2 

12 -0 

OE 

R3 


BUSq 

BUS^ BUS2 BUS3 


t ? t ? 


5 7 17 19 


Vqq = Pin 24 
GND^ = Pin 6 
GND2 = Pin 18 


MPR-063 


CONNECTION DIAGRAM 




Top View 




RLE 

• 

1 


24 

1 '^CC 


Rod 

2 


23 

1 DROP 


Rod 

3 


22 

ZIR3 


Aod 

4 


21 

I]R3 


BUSod 

5 


20 

Z]"3 


GND, 

6 

Am2905 

19 

d ^3 


bUsi 

7 


18 

1 GND2 


"id 

8 


17 

1 8US2 


Rid 

9 


16 

□ "2 


Rid 

10 


15 

I]R2 


B-Ed 

11 


14 

1 R2 


OEd 

12 


13 

ZJs 


Note: P 

in 1 

is marked for orientation. 

MPR-064 
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Storage Temperature 

-65°Cto+150'’C 

Temperature (Ambient) Under Bias 

-55°Cto+125'‘C 

Supply Voltage to Ground Potential 

-0.5Vto+7y 

DC Voltage Applied to Outputs for HIGH Output State 

--0.5V to +V 0 Q max. 

DC Input Voltage 

-0.5V to +7V 

DC Output Current, Into Outputs (Except Bus) 

30mA 

DC Output Current, Into Bus 

200 mA 

DC input Current 

—30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted; 
Am2905XC (COM'L) Ta = 0°C to+70°C VccMiN. 

Ta =-55°C to+125°C VccMIN. 


Am2905XM (MIL) 


= 4.75 V VccMAX. = 5.25 V 
= 4.50V VccMAX. » 5.50V 


BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions (Note i) 


Typ. 

Min. (Note 2) 


Max. 


Units 


VOL 


Bus Output LOW Voltage 


Vcc = min. 


lOL “ 40mA 


•OL “ 70mA 


lOL “ 100mA 


0.32 


0.5 


0.8 


Volts 


•o 


Vq = 0,4V 


-50 


Bus Leakage Current 


Vcc = max. 


Vq = 4.5V 


mA 


COM'L 


loo 


•off 


Bus Leakage Current 
(Power OFF) 


Vq 4.5V 


100 


mA 


Vth 


Receiver Input HIGH 
Threshold 


Bus enable = 2.4V 


2.4 


COM'L 


2.3 


2.0 


Vtl 


MIL 


COM'L 


Receiver Input LOW 
Threshold 


Bus enable = 2,4V 


5-88 


1.5 

1.6 


Volts 
















Am2905 


ELECTRICAL CHARACTERISTICS 

The following conditions apply unless otherwise noted: 

Am2905XC (COM'L) Ta = 0°C to+70°C Vqq MIN. = 4.75 V MAX. = 5.25 V 

Am2905XMMIL) =-55°C to+125°C Vcc MIN. = 4.50 V Vcc MAX. = 5.50 V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Typ. 


Parameters 

Description 

Test Conditions (Note i) 


Min. 

(Note 2) 

Max. 

Units 

Vqh 

Receiver Output 

< 

o 

o 

II 

< 

z 

MIL, Iqh = —1.0mA 

2.4 

3.4 


Volts 

HIGH Voltage 

V|N = V|i_or V|H 

COM'L, loH = 

-2.6 mA 

2.4 

3.4 



Receiver Output 

LOW Voltage 

Vcc = min. 

V||M = V|Lor V|H 

Iql = 4mA 


0.27 

0.4 


Vql 

Iql 8 mA 


0.32 

0.45 

Volts 


•OL ~ 12mA 


0.37 

0.5 


V|H 

Input HIGH Level 
(Except Bus) 

Guaranteed input logical HIGH 
for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 

MIL 



0.7 

Volts 

(Except Bus) 

for all inputs 


COM'L 



0.8 

V| 

Input Clamp Voltage 
(Except Bus) 

Vcc = min., I|N =-18mA 



-1.5 

Volts 

«IL 

Input LOW Current 
(Except Bus) 

Vcc = max., Vim = 0.4V 

. 



-0.36 

mA 

'IH 

Input HIGH Current 
(Except Bus) 

Vcc = max., V|M = 2.7V 



20 

mA 

«l 

input HIGH Current 
(Except Bus) 

Vcc = max., V|m = 5.5V 



100 

mA 

'0 

Receiver Off-State 

Vcc = max. 

Vq = 2.4 V 



20 

mA 

Output Current 

Vq = 0.4 V 



-20 

•sc 

Receiver Output 

Short Circuit Current 

Vcc == max. 

-12 


-65 

mA 

•cc 

Power Supply Current 

Vcc max.. All inputs = GND 


69 

105 

mA 


SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 





Am2905XM 

Am2905XC 


Parameters 

Description 

Test Conditions 

Min. 

Typ. 

(Note 2) 

Max. 

Min. 

Typ. 

(Note 2) 

Max. 

Units 

tPHL 

Driver Clock (DRCP) to Bus 



21 

40 


21 

36 


<PLH 

Cl (BUS) * 50pF 


21 

40 


21 

36 


fPHL 

Bus Enable (BE) to Bus 

Rl (BUS) = 50n 


13 

26 


13 

23 


fpLH 



13 

26 


13 

23 


ts 

Data Inputs (A or B) 


25 



23 




th 


8.0 



7.0 




*s 

Select Input (S) 


33 



30 



ns 

fh 


8.0 



7.0 



tpw 

Driver Clock (DRCP) Pulse Width 
(HIGH) 


28 



25 



ns 

fPLH 

Bus to Receiver Output 



18 

37 


18 

34 


tPHL 

(Latch Enable) 

Cl = 15pF 


18 

37 


18 

34 


<PLH 

Latch Enable to Receiver Output 

Rl = 2 .0kn 


21 

37 


21 

34 

ns 

<PHL 



21 

37 


21 

34 

ts 

Bus to Latch Enable (RLE) 


21 



18 




th 


7.0 



5.0 




tZH 

Output Control to Receiver Output 



14 

28 


14 

25 


tZL 



14 

28 


14 

25 


tHZ 

Output Control to Receiver Output 



14 

28 


14 

25 


_1 



14 

28 


14 

25 



Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at = 5.0 V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 



MPR-066 


TYPICAL PERFORMANCE CURVES 


Bus Output Low Voltage 
Versus Ambient Temperature 



MPR-067 


Receiver Threshold Variation 
Versus Ambient Temperature 



-55 -35-15 5 25 45 65 85 105 125 

- AMBIENT TEMPERATURE - °C 


SWITCHING WAVEFORMS 


DRIVER 

CLOCK ~1 

V 



A, BorS \aA1 

rnm/. 


/ 


I— 

-tT 










3.0V 

1,3V 

OV 


3.0 V 


OV 


Vqh 

2.0V 

Vql 


Vqh 

1.3V 

Vql 


Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 
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FUNCTION TABLE 


ORDERING INFORMATION 





INPUTS 



INTERNAL 
TO DEVICE 

BUS 

OUTPUT 

FUNCTION 

s 

Ai 

Bi 

DRCP 

BE 

RLE 

51 

Ui 

Qi 

BUSi 

Bi 

~K 

TT 

X 

X 

H 

X 

IT 

X 

X 

z 

X 

Driver output disable 

X 

X 

X 

X 

~>r 

"IT 

H 

X 

X 

X 

Z 

Receiver output disable 

X 

X 

X 

X 

H 

L 

L 

X 

L 

L 

H 

Driver output disable and 

X 

X 

X 

X 

H 

L 

L 

X 

H 

H 

L 

receive data via Bus input 

X 

T 


X 

~)r 

~H~ 

X 

X 

NC 

X 

X 

Latch received data 

L 

L 

X 

t 

X 

X 

X 

L 

X 

X 

X 


L 

H 

X 

f 

X 

X 

X 

H 

X 

X 

X 

Load driver register 

H 

X 

L 

t 

X 

X 

X 

L 

X 

X 

X 

H 

X 

H 

t 

X 

X 

X 

H 

X 

X 

X 


X 

X 

X 

L 

X 

X 

X 

NC 

X 

X 

X 

No driver clock restrictions 

X 

X 

X 

H 

X 

X 

X 

NC 

X 

X 

X 


X 

X 

X 

X 

L 

X 

X 

L 

X 

H 

X 

Drive Bus 

X 

X 

X 

X 

L 

X 

X 

H 

X 

L 

X 



H = HIGH Z = HIGH Impedance X = Don’t care i = 0, 1, 2, 3 

L = LOW NC = No change t = LOW to HIGH transition 


DEFINITION OF FUNCTIONAL TERMS 


Order the part number according to the table below to obtain the de¬ 
sired package, temperature range, and screening level. 


Order 

Number 

Package 
Type 
(Note 1) 

Operating 
Range 
(Note 2) 

Screening 
Level 
(Note 3) 

AM2905PC 

P-24 

C 

C-1 

AM2905DC 

D-24 

C 

C-1 

AM2905DC-B 

D-24 

C 

B-1 

AM2905DM 

D-24 

M 

C-3 ' 

AM2905DM-B 

D-24 

M 

B-3 

AM2905FM 

F-24-1 

M 

C-3 

AM2905FM-B 

F-24-1 

M 

B-3 

AM2905XC 

AM2905XM 

Dice 

Dice 

C 

M 

\ Visual inspection 
[ to MIL-STD-883 

I Method 2010B. 


Notes: 

1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow¬ 
ing letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the 
variations of the package may be used unless othenwise specified. 

2. C = 0°C to +70°C, Vcc = 4.75V to 5.25V. 

M = -55°C to +^25°C, Vcc = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 con¬ 
form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD- 
883, Class B. 


LOAD TEST CIRCUIT 


Aq, A^,A2,A3 The "A" word data input into the two 
input multiplexer of the driver register. 


Bq, B-j, 83, B3 The "B" word data input into the two 
input multiplexers of the driver register. 


S 


DROP 

BE 


BUSq, BUS^ 
BUS2, BOS3 


Select. When the select input is LOW, the 
A data word is applied to the driver reg¬ 
ister. When the select input is HIGH, the 
B word is applied to the driver register. 

Driver Clock Pulse. Clock pulse for the 
driver register. 

Bps Enable. When the Bus Enable is HIGH, 
the four drivers are in the high impedance 
state. 

The four driver outputs and receiver in¬ 
puts (data is inverted). 


Rq. R 2 . R3 The four receiver outputs. Data from the 
bus is inverted while data from the A or B 
inputs is non-inverted. 

RLE Receiver Latch Enable. When RLE is 

LOW, data on the BUS inputs is p assed 
through the receiver latches. When RLE 
is HIGH, the receiver latches are closed 
and will retain the data independent of 
all other inputs. 

OE Output Enable. When the OE input is 

HIGH, the four three state receiver out¬ 
puts are in the high-impedance state. 



Metallization and Pad Layout 

^cc 



DIE SIZE 0.080” X 0.130" 


5-91 









Am2905 


APPLICATIONS 



DATA ADDRESS CONTROL 

BUS BUS BUS 


The Aiin2905 is a universal Bus Transceiver useful for many system data, address, control and 
timing input/output interfaces. 

MPR-071 
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Ann2906 

Quad Two-Input OC Bus Transceiver with Parity 


Distinctive Characteristics 


• Quad high-speed LSI bus transceiver. 

• Open-collector bus driver. 

• Two-port input to D-type register on driver. 

• Bus driver output can sink 100 mA at 0.8V max. 

• Internal odd 4-bit parity checker/generator. 


• Receiver has output latch for pipeline operation. 

• Receiver outputs sink 12 mA. 

• Advanced low-power Schottky processing. 


FUNCTIONAL DESCRIPTION 

The Am2906 is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microprocessor 
system applications. The device consists of four D-type 
edge-triggered flip-flops with a built-in two-input multiplexer 
on each. The flip-flop outputs are connected to four open- 
collector bus drivers. Each bus driver is internally con¬ 
nected to one input of a differential amplifier in the receiver. 
The four receiver differential amplifier outputs drive four 
D-type latches. The device also contains a four-bit odd 
parity checker/generator. 

This LSI bus transceiver is fabricated using advanced low- 
powei" Schottky processing. All inputs (except the BUS in¬ 
puts) are one LS unit load. The open-collector bus output 
can sink up to 100 mA at 0.8V maximum. The BUS input 
differential amplifier contains disconnect protection diodes 
such that the bus is fail-safe when power is not applied. The 
bus enable input (BE) is used to force the driver outputs to 
the high-impedance state. When BE is HIGH,*the driver is 
disabled. The open-collector structure of the driver allows 
wired-OR operations to be performed on the bus. 

The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Aj data is stored 
in the register and when S is HIGH, the Bj data is stored. 
The buffered common clock (DROP) enters the data into 
this driver register on the LOW-to-HIGH transition. 

Data from the A or B input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in 
D-type latch that is controlled fro m the buffered receiver 
latch enable (RLE) input. When the RLE input is LOW, the 
latch is open and the receiver outputs will follow the bus 
inputs (BUS data inverted). When the RLE input is HIGH, 
the latch will close and retain the present data regardless of 
the bus input. 

The Am2906 features a built-in four-bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the 
bus enable is LOW (driver enabled), odd parity is generated 
based on the A or B field data input to the driver register. 
When BE is HIGH, the parity output is determined by the 
four latch outputs of the receiver. Thus, if the driver is en¬ 
abled, parity is generated and if the driver is in the high- 
impedance state, the BUS parity is checked. 


LOGIC SYMBOL 


4 3 8 9 16 15 20 21 



Vcc = Pin 24 
GND-i = Pin 6 
GND2 = Pin 18 

MPR-073 

CONNECTION DIAGRAM 
To|i) View 



Note: Pin 1 is marked for Orientation: 


MPR-074 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential 

-0.5V to+7V 

DC Voltage Applied to Outputs for HIGH Output State 

-0.5V to +V( 2 c Tiax. 

DC Input Voltage 

-0.5Vto+5.5V 

DC Output Current, Into Outputs (Except Bus) 

30 mA 

DC Output Current, Into Bus 

200 mA 

DC Input Current 

—30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS 

The following conditions apply unless otherwise noted: 

Am2906XC (COM'L) =,0°C to +70°C Vqq MIN, = 4.75V V^c MAX. = 5.25V 

Am2906XM (MIL) = -55°C to+1 25°C Vqq MIN. = 4.50V Vqq MAX. =■-5.50V 


BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Typ. 

Parameters Description Test Conditions (Note i) Min. (Note 2) 

IOL = 40mA 0.32 

Vql Bus Output low Voltage Iql “ 0.41 

lOL“^00mA 0.55 

Vo = 0.4V 

Iq Bus Leakage Current Vpr == MAX. ^ MIL 

\/~ A R\/ I___ 


Bus Leakage Current 


Bus Leakage Current 
(Power OFF) 


Receiver Input HIGH 
Threshold 


Receiver Input LOW 
Threshold 



Vo = 4.5V 


Vq -4.5V 

Bus enable = 2.4V 

Bus enable = 2.4V 



0.32 

0.5 


0.41 

0.7 


0.55 

0.8 



-50 

MIL 


200 

COM'L 


100 



100 

MIL 

2.4 2.0 ' 


COM'L 

2.3 2.0 


MIL 

2.0 

1.5 

COM'L 

2.0 

1.6 
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ELECTRICAL CHARACTERISTICS 

The following conditions apply unless otherwise noted: 


Am2906XC (COM'L) = 0°C to+70°C MlN. = 4.75V V^c MAX. = 5.25V 

Am2906XM (MIL) = -55°C to+1 25°C Vqc MIN. 4.5V Vqc MAX. = 5.5V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Parameters 

Description 

Test Conditions (Note i) 

Min. 

Typ. 

(Note 2) 

Max. 

Units 


Receiver Output 

Vcc = min. 

MIL 

•oh = -ImA 

2.4 

3.4 



VOH 

HIGH Voltage 

V|(V| = V|LOr V|H 

COM'L 

•oh = -2.6mA 

2.4 

3.4 


Volts 

Parity Output 

Vqc = MIN., Iqh “ —660/liA' 

MIL 

2.5 

3.4 



HIGH Voltage 

V|N = V|HorViL 


COM'L 

2.7 

3.4 





Vcc = min. 

V|N = V|Lor V|H 

•OL “ 


0.27 

0.4 


VoL 

Output LOW Voltage 
(Except Bus) 

•OL “ 8mA 


0.32 

0.45 

Volts 


•OL “ 12mA 


0.37 

0.5 


V|H 

Input HIGH Level 
(Except Bus) 

Guaranteed input logical HIGH 
for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 

MIL 



0.7 

Volts 

(Except Bus) 

for all inputs 


COM'L 



0.8 

V| 

Input Clamp Voltage 
(Except Bus) 

Vcc = min., I|n =-18mA 



-1.2 

Volts 

l|L 

Input LOW Current 
(Except Bus) 

1 

Vcc = MAX.,V|n = 0.4V 



-0.36 

mA 

l|H 

Input HIGH Current 
(Except Bus) 

Vcc = max., V|M = 2.7V 



20 

mA 

l| 

Input HIGH Current 
(Except Bus) 

Vcc = max., V|M = 5.5V 



100 

mA 

•sc 

Output Short Circuit Current 
(Except Bus) 

Vcc = max. 

-12 


-65 

mA 

•cc 

Power Supply Current 

Vcc = max.. All Inputs = GND 


72 

105 

mA 


SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 





Am2906XM 

Am2906XC 


Parameters 

Description 

Test Conditions 

Min. 

Typ. 

(Note 2) 

Max. 

Min. 

Typ. 

(Note 2) 

Max. 

Units 

tPHL 

Driver Clock (DRCP) to Bus 



21 

40 


21 

36 

ns 

tPLH 

Cl(BUS) =50pF 


21 

40 


21 

36 

tPHL 

Bus Enable (BE) to Bus 

Rl(BUS) = 50n 


13 

26 


13 

23 

ns 

tPLH 



13 

26 


13 

23 

ts 

Data Inputs (A or B) 


25 



23 



ns 

th 


8.0 



7.0 



ts 

Select Inputs (S) 


33 



30 




th 


8.0 



7.0 




tpw 

Clock Pulse Width (HIGH) 


28 



25 



ns 

tPLH 

Bus to Receiver Output 



18 

37 


18 

34 


tpHL 

(Latch Enabled) 



18 

37 


18 

34 


tPLH 

Latch Enable to Receiver Output 

Cl = 15pF 
RL=2.0kn 


21 

37 


21 

34 


tPHL 


21 

37 


21 

34 


ts 

Bus to Latch Enable (RLE) 

21 



18 



ns 

th 


7.0 



5.0 



tPLH 

A or B Data to Odd Parity Output 



21 

40 


21 

36 

ns 

tPHL 

(Driver Enabled) 



21 

40 


21 

36 

tpLH 

Bus to Odd Parity Output 



21 

40 


21 

36 

ns 

tPHL 

(Driver Inhibited, Latch Enabled) 



21 

40 


21 

36 

tPLH 

Latch Enable (RLE) to 



21 

40 


21 

36 


tPHL 

Odd Parity Output 



21 

40 


21 

36 



Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqc = 5.0 V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Note: Actual current flow direction shown. 


MPR-076 


TYPICAL PERFORMANCE CURVES 


Bus Output Low Voltage 
Versus Ambient Temperature 



Receiver Threshold Variation 



MPR-077 , 

SWITCHING WAVEFORMS 



Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 


' MPR-078 
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FUNCTION TABLE 





INPUTS 



INTERNAL 
TO DEVICE 

BUS 

OUTPUT 

FUNCTION 

s 

Aj 

Bj 

DROP 

BE 

RLl 

OE 

Di 

Qi 

BUSi 

Rj 

X 

X 

X 

X 

H 


X 

X 

X 

Z 

X 

Driver output disable 

X 

X 

X 

X 

X 

.X 

H 

X 

X 

X 

z 

Receiver output disable 

X 

X 

X 

X 

H 

L 

L 

X 

L 

L 

H 

Driver output disable and 

X 

X 

X 

X 

H 

L 

L 

X 

H 

H 

L 

receive data via Bus input 

X 

X 

X 

X 

X 

H 

X 

X 

NC 

X 

X 

Latch received data 

L 

L 

X 

t 

X 

X 

X 

L 

X 

X 

X 


L 

H 

X 

t 

T 

X 

X 

X 

H 

X 

X 

X 

Load driver register 

H 

X 

L 

X 

X 

X 

L 

X 

X 

X 

H 

X 

H 

t 

X 

X 

X 

H 

X 

X 

X 


X 

X 

X 

L 

X 

X 

X 

NC 

X 

X 

X 

No driver clock restrictions 

X 

X 

X 

H 

X 

X 

X 

NC 

X 

X 

X 


X 

X 

X 

X 

L 

X 

X 

L 

X 

H 

X 

Drive Bus 

X 

X 

X 

X 

L 

X 

X 

H 

X 

L 

X 



H = 
L = 


HIGH Z = HIGH Impedance 

LOW NC = No change 


X = Don’t care i = 0, 1, 2, 3 

t = LOW to HIGH transition 


ORDERING INFORMATION 

Order the part number according to the table below to obtain the de¬ 
sired package, temperature range, and screening level. 


Order 

Number 

Package 
Type 
(Note 1) 

Operating 
Range 
(Note 2) 

Screening 
Level 
(Note 3) 

AM2906PC 

P-24 

C 

C-1 

AM2906DC 

D-24 

G 

C-1 

AM2906DC-B 

D-24 

C 

B-1 

AM2906DM 

D-24 

M 

C-3 

AM2906DM-B 

D-24 

M 

B-3 

AM2906FM 

F-24-1 

M 

C-3 

AM2906FM-B 

F-24-1 

M 

B-3 

AM2906XC 

Dice 

c 1 

Visual inspection 

AM2906XM 

Dice 

M J 

to MIL-STD-883 
Method 201 OB. 


Notes: 

1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow¬ 
ing letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the 
variations of the package may be used unless otherwise specified. 

2. C = 0°C to +70°C, Vcc = 4.75V to 5.25V. 

M = -55°C to +125°C, Vcc ^ 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 con¬ 
form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD- 
883, Class B. 


DEFINITION OF FUNCTIONAL TERMS 

Aq, A-|,A2, A 3 The “A" word data input into the two 
input multiplexer of the driver register. 

Bq, B*|, B 2 , B 3 The "B" word data input into the two 
input multiplexers of the driver register. 

S Select. When the select input is LOW, the 

A data word is applied to the driver reg¬ 
ister. When the select input is HIGH, the 
B word is applied to the driver register. 

Driver Clock Pulse. Clock pulse for the 
driver register. 

Bus Enable. When the Bus Enable is HIGH, 
the four drivers are in the high impedance 
state. 


LOAD TEST CIRCUIT 


DRCP 


BE 


A 



B 


R 


Am2906 

OR 



PARITY 

S 

BUS 



"I 


H4- 


50fl 

-AVV- 


BUSq, bus^ 
BUS 2 , BOS 3 

Ro» Rn R 2 , R3 

HLE 


OE 


The four driver outputs and receiver in¬ 
puts (data is inverted). 

The four receiver outputs. Data from the 
bus is inverted while data from the A or B 
inputs is non-inverted. 

Receiver Latch Enable. When RLE is 
LOW, data on the BUS inputs is passed 
through the receiver latches. When RLE 
Is HIGH, the receiver latches are closed 
and will retain the data independent of 
all other inputs. 

Output Enable. When the OE input is 
HIGH, the four three state receiver out¬ 
puts are in the high-impedance state. 


Metallization and Pad Layout 


BUSq 

GND., 

BUS, 




Lillis 


-19 BUS3 
-18 GNDo 


u-i-m 

12 

ODD 

DIE SIZE 0.080" X 0.130" 
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Am2907 • Ann2908 

Quad Bus Transceivers with Interface Logic 


Distinctive Characteristics 

• Quad high-speed LSI bus-transceiver 

• Open-collector bus driver 

• D-type register on driver 

• Bus driver output can sink 100mA at 0.8V max. 


• Am2907 has 2.0V input receiver threshold; Am2908 is 
“DEC Q or LSI-II bus compatible” with 1.5V receiver 
threshold 

• Receiver has output latch for pipeline operation 

• Three-state receiver outputs sink 12mA 

• Advanced Low-power Schottky processing 


• Internal odd 4-bit parity checker/generator 


FUNCTIONAL DESCRIPTION 

The Am2907 and Am2908 are high-performance bus trans¬ 
ceivers intended for bipolar or MOS microprocessor system ap¬ 
plications. The Am2908 is Digital Equipment Corporation “Q or 
LSI-II bus compatible” while the Am2907 features a 2.0V receiver 
threshold. These devices consist of four D-type edge-triggered 
flip-flops. The flip-flop outputs are connected to four open-col¬ 
lector bus drivers. Each bus driver is internally connected to one 
input of a differential amplifier in the receiver. The four receiver 
differential amplifier outputs drive four D-type latches, that feature 
three-state outputs. The devices also contain a four-bit odd parity 
checker/generator. 

These LSI bus transceivers are fabricated using advanced 
low-power Schottky processing. All inputs (except the BUS in¬ 
puts) are one LS unit load. The open-collector bus output can 
sink up to 100mA at 0.8V maximum. The BUS input differential 
amplifier contains disconnect protection diodes such that the 
bus is fail-safe when power Is not applied. The bus enable 
input (BE) is used to force the driver outputs to the high-impe¬ 
dance state. When BE is HIGH, the driver is disabled. The 
open-collector structure of the driver allows wired-OR opera¬ 
tions to be performed on the bus. 

The input register consists of four D-type flip-flops with a buf¬ 
fered common clock. The buffered common clock (DROP) en¬ 
ters the Aj data into this driver register on the LOW-to-HIGH 
transition. 

Data from the A input is inverted at the BUS output. Likewise, 
data at the BUS input is inverted at the receiver output. Thus, 
data is non-inverted form driver input to receiver output. The 
four receivers each feature a built-in D-type latch that is con¬ 
trolled fro m th e buffered receiver latch enable (RLE) input. 
When the RLE input is LOW, the latch is open and the receiver 
outputs will follow the bus inputs (BUS data inverted and OE 
LOW). When the RLE input is HIGH, the latch will close and 
retain the present data regardless of the bus input. The four 
latches have three-state outputs and are controlled by a buf- 
fered common three-state control (OE) Input. When OE is 
HIGH, the receiver outputs are in the high-impedance state. 

The Am2907 and Am2908 feature a builtHn^four-bit odd parity 
checker/generator. The bus enable input (BE) controls whether 
the parity output is in the generate or check mode. When the 
bus enable is LOW (driver enabled), odd parity is generated 
based on the A field data input to the driver register. When BE 
is HIGH, the parity output is determined by the four latch out¬ 
puts of the receiver. Thus, if the driver is enabled, parity is 
generated and if the driver is in the high-impedance state, the 
BUS parity is checked. 

The Am2907 has receiver threshold typically of 2.0V while the 
Am2908 threshold is typically 1.5V. 


LOGIC SYMBOL 


7 13 17 


Ao Ai A2 A3 
i DRCP ODD 

Ro 


I RLE 


M BE 


Am2907 

Am2908 


BUSo BUSi BUS2 BUS3 

TTTT 


10 

2 

8 

12 

18 


Vcc = Pin 20 

GNDi = Pin 5 

GND 2 = Pin 15 MPR-083 


CONNECTION DIAGRAM 
Top View 




20 


Ro[I 

2 

19 

doRCP 

AoC 

3 

18 

□ R3 

busoL! 

4 

17 

□ A3 

GNDi[“ 

^ Am2907 

16 


BUSi[^ 

6 Am2908 

15 

d GND2 

Aid 

7 

14 

d BUS2 

Rid 

8 

13 

dA2 

BEd 

9 

12 


ODDd 

10 

11 

dOE 


Note: Pin 1 is marked for orientation. 
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ELECTRICAL CHARACTERISTICS 

The following conditions apply unless otherwise noted: 


Am2907XC, Am2908XC (COM’L) ^ 0°C to +70°C Vcc MIN. = 4.75V S/qc MAX. = 5.25V 
Am2907XM, Am2908XM (MIL) Ta = -55°C to +125"C Vcc MIN. = 4.50V Vqc MAX. = 5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Typ. 


Parameters 

Description 

Test Conditions (Note 1) 

Min. 

(Note 2) 

Max. 

Units 




Iql == 40mA 



0.32 

' 0.5 


VoL 

Bus Output LOW Voltage 

Vcc = min. 

Iql = 70mA 



0.41 

0.7 

Voits 




Iql = 100mA 



0.55 

0.8 





Vq = 0.4V 




-50 


Iq 

Bus Leakage Current 

Vcc = max. 

Vq = 4.5V 

MIL 



200 

fX^ 




COM’L 



100 


■off 

Bus Leakage Current (Power Off) 

Vq - 4.5V 





100 

/u,A 




Am2907 

MIL 

2.4 

2.0 



VtH 

Receiver Input HIGH Threshold 

Bus Enable = 2.4V 

COM’L 

2.3 

2.0 


Volts 

Am2908 

MIL 

1.9 

1.5 





COM’L 

1.7 

1.5 






Am2907 

MIL 


2.0 

1.5 


Vtl 

Receiver Input LOW Threshold 

Bus Enable = 2.4V 

COM’L 


2.0 

1.6 

Volts 

Am2908 

MIL 


1.5 

1.1 

• 



COM’L 


1.5 

1.3 


' V| 

Input Clamp Voltage 

Vcc = min., I,n = - 

-18mA 




-1.2 

Volts 



































Am2907/2908 


ELECTRICAL CHARACTERISTICS 

The following conditions apply unless otherwise noted; 

Am2907XC, Am2908XC (COM’L) Ta = 0°C to +70°C S/qc MIN. = 4.75V Vcc MAX. = 5.25V 

Am2907XM, Am2908XM (MIL) Ta = -55°C to +125°C Vcc MIN. = 4.50V Vcc MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions (Note l) Min. Typ. (Note2) Max. Units 


VqH 

Receiver 

Output HIGH Voltage 

Vcc = min. 

V|N = ViL or V|H 

MIL: Iqh “ •^A 

2.4 

3.4 


Volts 

COM'L: Iqh = -2.6mA 

2.4 

3.4 


VQH 

Parity 

Output HIGH Voltage 

Vcc = min., Iqh =-660MA 

V|N = V|H or ViL 

MIL 

2.5 

3.4 


Volts 

COM'L 

2.7 

3.4 


VOL 

Output LOW Voltage 
(Except Bus) 

Vcc = min. 

VlN = V|L or V|H 

l0L“ 4mA 


0.27 

0.4 

Volts 

IOL“ 8mA 


0.32 

0.45 

•OL 12mA 


0.37 

0.5 

V|H 

Input HIGH Level 

(Except Bus) 

Guaranteed input logical HIGH 

for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

(Except Bus) 

Guaranteed input logical LOW 

for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 
(Except Bus) 

Vcc = min., I|n = -18mA 



-1.2 

Volts 

•IL 

Input LOW Current 

(Except Bus) 

Vcc = max., V|M = 0.4 V 



-0.36 

mA 

•iH 

Input HIGH Current 

(Except Bus) 

Vcc = max., V|m = 2.7 V 



20 

MA 

•l 

Iriput HIGH Current 

(Except Bus) 

Vcc == max., V||vi = 5.5 V 



100 

IJLA 

•sc 

Output Short Circuit 

Current (Except Bus) 

Vcc = max. 

-12 


-65 

mA 

•cc 

Power Supply Current 

Vcc = max., All Inputs - GND 

Am2907 


75 

110 

mA 

Am2908 


80 

120 

•o 

Off-State Output Current 
(Receiver Outputs) 

Vcc = max. 

Vq = 2.4 V 



20 

mA 

Vq = 0.4 V 


;_ 1 

-20 


Am2907 SWITCHING CHARACTERISTICS 

OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions 

Am2907XM 

Am2907XC 

Units 

Typ. 

Min. (Note 2) Max. 

Typ. 

Min. (Note 2) Max. 

tPHL 

Driver Clock (DRCP) to Bus 

Cl(BUS) -50pF 
R|_(BUS) = son 


21 

40 


21 

36 

ns 

tPLH 


21 

40 


21 

36 

tPHL 

Bus Enable (BE) to Bus 


13 

26 


13 

23 

ns 

tPLH 


13 

26 


13 

23 


Data Inputs 

Cl = 15pF 

Rl = 2.0kn 

18 



15 



ns 

th 

8.0 



7.0 



tpw 

Clock Pulse Width (HIGH) 

28 



25 



ns 

tPLH 

Bus to Receiver Output 
(Latch Enabled) 


18 

37 


18 

34 

ns 

tPHL 


18 

37 


18 

34 

tPLH 

Latch Enable to Receiver Output 


21 

37 


21 

34 

ns 

tPHL 


21 

37 


21 

34 

ts 

Bus to Latch Enable (RLE) 

21 



18 



ns 

th 

7.0 



5.0 



tPLH 

Data to Odd Parity Out 
(Driver Enabled) 


21 

40 


21 

36 

ns 

tpHL 


21 

40 


21 

36 

tpLH 

Bus to Odd Parity Out 
'(Driver Inhibit) 


21 

40 


21 

36 

ns 

tPHL 


21 

40 


21 

36 

tPLH 

Latch Enable (RLE) to Odd 

Parity Output 


21 

40 


21 

36 

ns 

tPHL 


21 

40 


21 

36 

tZH 

Output Control to Output 


14 

28 


14 

25 

ns 

tZL 


14 

28 


14 

25 

tHZ 

Output Control to Output 

Cl = 5.0pF 

Rl = 2.0kn 


14 

28 


14 

25 

ns 

tLZ 


14 

28 


14 

25 


Notes; 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq “ 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am2907 • Am2908 


Am2907/2908 

Am2908 SWITCHING CHARACTERISTICS 
OVER OPERATING TEMPERATURE RANGE 


Parameters Description Test Conditions 


Am2908XM 


Typ. 

Min. (Note 2) Max. 


Am2908XC 


Typ. 

Min. (Note 2) Max. 


Units 


tpHL 

Driver Ciock (DRCP) to Bus 

Cl(BUS) = 50pF 
Rl_(BUS): 91 a to 
Vcc 

200a to GND 


■21 

40 


21 

36 

ns 

tpLH 


21 

40 


21 

36 

tpHL 

Bus Enable (BE) to Bus 


13 

26 


13. 

23 

ns 

tpLH 


13 

26 


13 

23 

tr 

Bus Output Rise Time 

5 

10 


7 

10 


ns 

tf 

Bus Output Fall Time 

3 

6 


4 

6 


ts 

Data Inputs 

18 



15 



ns 

th 

8.0 



7.0 



tpw 

Clock Pulse Width (HIGH) 

28 



25 



ns 

tpLH 

Bus to Receiver Output 
(Latch Enabled) 

Cl = 50pF 

Rl = 2 .okn 


18 

38 


18 

35 

ns 

tpHL 


18 

38 


18 

35 

tpLH 

Latch Enable to Receiver Output 


21 

38 


21 

35 

ns 

tpHL 


21 

38 


21 

35 

ts 

Bus to Latch Enable (RLE) 

21 



18 



ns 

th 

7.0 



5.0 



tpLH 

Data to Odd Parity Out 
(Driver Enabled) 

Cl= 15pF 

Rl = 2.0kn 


21 

40 


21 

36 

ns 

tpHL 


21 

40 


21 

36 

tpLH 

Bus to Odd Parity Out 
(Driver Inhibit) 

f 


21 

40 


21 

36 

ns 

tpHL 


21 

40 


21 

36 

tpLH 

Latch Enable (RLE) to Odd 

Parity Output 


21 

40 


21 

36 

ns 

tpHL 


21 

40 


21 

36 

tZH 

Output Control to Output 


14 

28 


14 

25 

ns 

tZL 


14 

28 


14 

25 

tHZ 

Output Control to Output 

Cl = 5.0pF 

Rl = 2.0ka 


14 

28 


14 

25 

ns 

tLZ 


14 

28 


14 

25 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics fo the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Am2907 

Order Number 

Am2908 

Order Number 

Package Type 
(Note 1) 

Operating Range 
(Note 2) 

Screening Level 
(Note 3) 

AM2907PC 

AM2908PC 

P-20 

C 

C-1 

AM2907DC 

AM2908DC 

D-20 

C 

C-1 

AM2907DC-B 

AM2908DC-B 

D-20 

C 

B-1 

AM2907DM 

AM2908DM 

D-20 

M 

C-3 

AM2907DM-B 

AM29G8DM-B 

D-20 

M 

B-3 

AM2907FM 

AM2908FM 

F-20 

M 

C-3 

j AM2907FM-B 

AM2908FM-B 

F-20 

M 

B-3 

AM2907XC 

AM2908XC 

Dice 

C 

) Visual inspection 

1 to MIL-STD-883 

AM2907XM 

AM2908XM 

Dice 

M 

j Method 201 OB. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C = 0°C to +70°C, Vcc = 4.75V to 5.25V, M = -55°C to +125°C, Vcc = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Leveis C-1 and C-3 conform to MIL-STD-883, Class C, Level B-3 conforms to MIL-STD-883, 
Class B. 
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INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 


MPR-086 


TYPICAL PERFORMANCE CURVES 


Bus Output Low Voltage 
Versus Ambient Temperature 



O 


Am2907 

Receiver Threshold Variation 
Versus Ambient Temperature 

2.5 

2.4 
2.3 

. 2.2 
2.1 
2.0 
1.9 
1.8 
1.7 

1.6 

1.5 

-55 -35-15 5 25 45 65 85 105 125 

- AMBIENT TEMPERATURE - °C 













. 









■^ = 5 









z 

Vcc = 5.25 V 



— W 

< 

rj 


rrr^ 

; = 4.75V ^ 

COI 

1'L- 



E 








Vc( 


.5V 





•s=; 










Zj 





_ 





Am2908 

Receiver Threshold Variation 
Versus Ambient Temperature 






Vcc-5.26 V 






-55-35-15 5 25 45 65 85 105 125 

T^ - AMBIENT TEMPERATURE - °C 


MPR-087 


MPR-088 


MPR-508 


Am2907/08 SWITCHING WAVEFORMS 



MPR-089 


5-103 







Am2907/2908 


TRUTHTABLE 



INPUTS 


INTERNAL 
TO DEVICE 

BUS 

OUTPUT 

FUNCTION 

Ai 

DRCP 

BE 

RLE 

OE 

Dj 

Qi 

Bj 

Ri 

X 

X 

H 

X 

X 

X 

X 

H 

X 

Driver output disable 

X 

X 

X 

X 

H 

X 

X 

X 

z 

Receiver output disable 

X 

X 

H 

L 

L 

X 

L 

L 

H 

Driver output disable and receive data 

X 

X 

H 

L 

L 

X 

H 

H 

L 

via Bus input 

X 

X 

X 

H 

X 

X 

NC 

X 

X 

Latch received data 

L 

t 

X 

X 

X 

L 

X 

. 

X 

X 

Load driver register 

H 

t 

X 

X 

X 

H 

' -x j 

X 

X 

X 

L 

X 

X 

X 

NC ' 


X 

X 

No driver clock restrictions 

X 

H 

X 

X 

X 

NC 

X 

X 

X 


X 

X 

L 

X 

X ■ 

L 

I 

X 

H 

X 

Drive Bus 


X 

L 

X 

X 

H 

X 

L 

X 



H=mGH Z = High Impedance X = Don't Care i=0, 1,2, 3 

L = LOW NC = No Change t = LOW-to-HIGH Transition 


PARITY OUTPUT FUNCTION TABLE 


BE 

ODD PARITY OUTPUT 

L 

ODD = Aq ® Ai ® A 2 ® A 3 

H 

ODD = Qq ® Qi ® 02 ® Q 3 


DEFINITION OF FUNCTIONAL TERMS 


Metallization and Pad Layout 


DRCP Driver Clock Pulse. Clock pulse for the driver register. 

BE Bus Enable. When the Bus Enable is HIGH, the four 
drivers are in the high impedance state. 

BUSq, BUSi, BUS 2 , BUS 3 The four driver outputs and 
receiver inputs (data is inverted). 

Ro» RT ^2/ R 3 The four receiver outputs. Data from the 
bus is inverted while data from the A inputs is non-inverted. 

RLE Receiver Latch Enable. When RLE is LOW, data o n the 
BUS inputs is passed through the receiver latches. When RLE 
is HIGH, the receiver latches are closed and will retain the 
data independent of all other inputs. 

ODD Odd parity output. Generates parity with the driver 
enabled, checks parity with the driver in the high-impedance 
state. 

OE Output Enable. When the OE input is HIGH, the four 
three-state receiver outputs are in the high-impedance state. 


RLE 

Ro 

Aq 

BUSq 

GNDi 

BUS, 

A, 

BE 


VCC 

20 



19 DROP 
18 R 3 

17 A 3 
16 ' BUS 3 
IS GND 2 
14 BUS 2 

13 A 2 

12 R2 
11 OE 


DIE SIZE 0.088" X 0.103” 
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Am2907/2908 


Am2907/08 SWITCHING WAVEFORMS 
AND LOAD TEST CIRCUITS 


DRCP 1.5V - 


K-tf 
- 4 - 90 % 



10 % 

— *PHL *PLH - 


r—^ 

h^*PHL-H h—^ — 

. . \ ' r 


2. DRIVER CLOCK (DRCP) TO BUS 3. BUS ENABLE (BE) TO BUS 

DRIVER SWITCHING WAVEFORMS 




MPR-511 

Am2907 

Am2908 

MPR-512 


DRIVER LOAD TEST CIRCUIT 

DRIVER LOAD TEST CIRCUIT 



4. BUS TO RECEIVER OUTPUT 
(LATCH ENABLED) 


5. LATCH ENABLE TO OUTPUT 

RECEIVER SWITCHING WAVEFORMS 



ALL DIODES 
ARE 1N3064 


Am2907/08 RECEIVER LOAD TEST CIRCUIT. 
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Note: Cl = 15pF for Am2907 
Cl = 50pF for Am2908 











Am2907/2908 


Am2907/08 SWITCHING WAVEFORMS 
AND LOAD TEST CIRCUITS (Cont.) 


OE ,:sv\ ^ 

M.5V 

.. . 

.5V 

NORMALLY | \ 

LOW ^S2^^ 


k-'tzH-J 

^ 

n„!S.,T 

fcz-T 

NORMALLY 

HiGH 



SI AND S2 
CLOSED 


SI AND S2 
CLOSED 


MPR-516 


6. RECEIVER TRI>STATE WAVEFORMS 


Ao-3 


ODD 




BE . .. 1-^- 

MPR-517 

7. A INPUT TO PARITY OUTPUT* 


ov 


BUSo.3 1.5V 








BE 


4.5V 


RLE 


8. BUS TO PARITY OUTPUT 


—— ov 

MPR-518 


ODD PARITY OUTPUT WAVEFORMS 


+5.0V 



LOAD FOR RECEIVER TRI-STATE TEST 


+5.0V 



MPR-520 


LOAD FOR PARITY OUTPUT 
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Am2907/2908 



The Am2907 can be used as an I/O Bus Transceiver and Main Memory I/O Transceiver 
in high-speed Microprocessor Systems. 
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Am2909 • Am2911 
Am2909A«Am2911A 

Microprogram Sequencers 


DISTINCTIVE CHARACTERISTICS 

• 4-bit slice cascadable to any number of microwords 

• Interna! address register 

• Branch input for N-way branches 

• Cascadable 4-bit microprogram counter 

• 4 X 4 file with stack pointer and push pop control for 
nesting microsubroutines 

• Zero input for returning to the zero microcode word 

• Individual OR input for each bit for branching to higher 
microinstructions (Am2909 only) 

• Three-state outputs 

• All internal registers change state on the LOW-to-HIGH 
transition of the clock 

• Am2909 in 28-pin package 

• Am2911 in 20-pin package 

• New high-speed versions (Am2909A and Am2911A) are 
plug-in replacements for original Am2909 and Am2911 
with critical path speeds improved by about 25% 


RELATED PRODUCTS 


Part No. 

Description 

Am2918 

Pipeline Register 

Am2922 

Condition Code MUX 

Am29803A 

16-Way Branch Control Unit 

Am29811A 

Next Address Control 

Am25LS163 

4-Bit Counter 

Am27S35 

Registered PROM 


For applications information, see Chapter II of Bit Slice Micro¬ 
processor Design, Mick & Brick, McGraw Hill Publications. 


GENERAL DESCRIPTION 

The Am2909 is a four-bit wide address controller intended 
for sequencing through a series of microinstructions con¬ 
tained in a ROM or PROM. Two Am2909’s may be inter¬ 
connected to generate an eight-bit address (256 words), and 
three may be used to generate a twelve-bit address (4K 
words). 

The Am2909 can select an address from any of four 
sources. They are: 1) a set of external direct inputs (D); 2) 
external data from the R inputs, stored in an internal regis¬ 
ter; 3) a four-word deep push/pop stack; or 4) a program 
counter register (which usually contains the last address 
plus one). The push/pop stack includes certain control lines 
so that it can efficiently execute nested subroutine linkages. 
Each of the four outputs can be OR’ed with an external 
input for conditional skip or branch instructions, and a sepa¬ 
rate line forces the outputs to all zeroes. The outputs are 
three-state. 

The Am2911 is an identical circuit to the Am2909, except the 
four OR inputs are removed and the D and R inputs are tied 
together. The Am2911 is in a 20-pln, 0.3” centers package. 
The Am2909A and Am2911A are direct plug-in replacements 
for the Am2909 and Am2911, but are about 25% faster. 


MICROPROGRAM SEQUENCER BLOCK DIAGRAM 



MPR-093 
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Am2909/09A/11/11A 


CONNECTION DIAGRAMS - Top Views 
P-28,0-28 P-20, D-20 

RE 

R3 

R2 

Rq 

OR3 

D3 

ORj 
D2 
OR, 

Dl 
ORq 


GND 

MPR-096 Note: Pin 1 is marked for orientation. MPR-097 




L-28-1 


LEADLESS CHIP CARRIERS 


L-20-1 



ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Am2911 

Am2911A 

Package 

Operating 

Screening 

Am2909 

Am2909A 

Package 

Operating 

Screening 

Order 

Order 

Type 

Range 

Level 

Order 

Order 

Type 

Range 

Level 

Number 

Number 

(Notel) 

(Note 2) 

(Noted) 

Number 

Number 

(Notel) 

(Note 2) 

(Note 3) 

AM2911PC 

AM2911APC 

P-20 

C 

C-1 

AM2909PC 

AM2909APC 

P-28 

C 

C-1 

AM2911DC 

AM2911ADC' 

D-20 

C 

C-1 

AM2909DC 

AM2909ADC 

D-28 

C 

C-1 

AM2911DC-B 

AM2911ADC-B 

D-20 

C 

B-2(Note4) 

AM29090C-B 

AM2909ADC-B 

D-28 

C 

B-2(Note4) 

AM2911DM 

AM2911ADM 

D-20 

M 

C-3 

AM2909DM 

AM2909ADM 

D-28 

M 

C-3 

AM2911DM-B 

AM2911ADM-B 

D-20 

M 

B-3 

AM2909DM-B 

AM2909ADM-B 

D-28 

M 

B-3 

AM2911FM 

AM2911AFM 

F-20-1 

M 

C-3 

AM2909FM 

AM2909AFM 

F-28-1 

M- 

C-3 

AM2911FM-B 

AM2911AFM-B 

F-20-1 

M 

B-3 

AM2909FM-B 

AM2909AFM-B 

F-28-1 

M 

B-3 

AM2911LC 

AM2911ALC 

L-20-1 

C 

C-1 

AM2909LC 

AM2909ALC 

L-28-1 

C 

C-1 

AM2911LM 

AM2911ALM 

L-20-1 

M 

C-3 

AM2909LM 

AM2909ALM 

L-28-1 

M 

C-3 

AM2911LM-B 

AM2911ALM-B 

L-20-1 

M 

B-3 

AM2909LM-B 

AM2909ALM-B 

L-28-1 

M 

B-3 

AM2911XC 

AM2911XM 

AM2911AXC 

AM2911AXM 

Dice 

Dice 

C 1 

M 1 

1 Visual inspection 
[ to MIL-STD-883 

1 Method 2010B. 

AM2909XC 

AM2909XM 

AM2909AXC 

AM2909AXM 

Dice 

Dice 

C 

M 

1 Visual inspection 
} to MIL-STD-883 
) Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C = 0 to -70°C, Vcc = 4.75 to 5.25V, M = -55 to +125°C, Vcc = 4.50 to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 

4. 96 hours of burn-in. 
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Am2909/09A/11/11A 

MAXIMUM RATI MGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential 

-0.5 V to +7.0 V 

DC Voltage Applied to Outputs for HIGH Output State 

—0.5 V to +Vcc max. 

DC Input Voltage 

-0.5 V to +7.0 V 

DC Output Current, Into Outputs 

30 mA 

DC Input Current 

—30 mA to +5.0 mA 


OPERATING RANGE 


Operating Range 

Part Number 
Suffix 

Power Supply 

Temperature Range 

Commercial 

PC, DC 

5.0V ±5% 

Tyy == 0°C to +70°C 

Military 

DM, FM 

5.0V ±10% 

Tc = -55°C to +125X 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Notes) 
(For Am2909, Am2911, Am2909A, Am2911 A) 


Typ. 

Parameters_ Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vqh 

Output HIGH Voltage 

Vcc = min., 

V|M = V|H or V||_ 

MIL 

•oh ~ “1 OnnA 

2.4 



Volts 

COM'L 

•oh “ —2.6mA 

2.4 



VoL 

Output LOW Voltage 

Vcc = min., 

V|M = V|H or V|L 

IOL = 4.0mA, 2909/11 



0.4 

Volts 

IOL = 8.0mA, 2909/11 



0.45 

IOL = 12mA, 2909/11 
(Note 5) 



0.5 

IOL = 16mA, 2909A/11A 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

VlL 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL, 2909/11 


— 

0.7 

Volts 

All others 



0.8 

V| 

Input Clamp Voltage 

Vcc = min., I|N =-18mA 



-1.5 

Volts 

•IL 

Input LOW Current 

Vcc = max., 

V,N = 0.4V 

Cn 



-1.08 

mA 

Push/Pop, OE 



-0.72 

Others (Note 6) 



-0.36 

»1H 

Input HIGH Current 

Vcc = max., 

Vin = 2.7V 

Cn 



40 

juA 

Push/Pop 


I 

40 

Others (Note 6) 

I 


20 

«l 

Input HIGH Current 

Vcc = max., 

V|N =7.0V 

Cn, Push/Pop 

I-- 


0.2 

mA 

Others (Note 6) 



0.1 

•os 

Output Short Circuit Current 
(Note 3) 

Vcc = 6V 

VoUT = .5V 


0 

I 

-< 

CO 

-30 


-100 

mA 


Cn + 4 

-30 


-85 

•cc 

Power Supply Current 

Vcc = max. 

(Note 4) 

COM'Land 
MIL 

Ta = +25°C 



130 

mA 

COM'LOnly 

Ta = 0to +70°C 



130 

MIL Only 

Tc = -55 to +125°C 



140 

Tc = +125°C 



110 

‘OZL 

Output OFF Current 

Vcc = max., 

OE =2.7 V 

YO-3 

VouT = 0'4V 



-20 

mA 

•OZH 

VouT = 2.7 V 



20 


Notes; 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0V, 25°C ambient and maximum loading. 

3. 'Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Apply GND to Cp, Rg, Fl-j, R2, R3, ORQ' ^0' ^1' D 3 . Other inputs high. All outputs open. Measured after a 

LOW-to-HIGH clock transition. ' 

5. The 12mA guarantee applies only to Yq, Y-j, Y 2 and Y 3 . 

6 . For the Am291 1 and Am2911 A, Dj and Rj are internally connected. Loading is doubled (to same values as Push/Pop). 
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Am2909A/Am2911A 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 

Tables I, II and III below define the timing characteristics of the 
Am2909A/Am2911 A over the operating voltage and temperature 
range. The tables are divided into three types of parameters; 
clock characteristics, combinational delays from inputs to out¬ 
puts, and set-up and hold time requirements. The latter table 
defines the time prior to the end of the cycle (i.e., clock LOW-to- 
HIGH transition) that each input must be stable to guarantee that 
the correct data is written into one of the internal registers. 

Measurements are made at 1.5V with V|l = OV and V|h = 3.0V. 
For three-state disable tests, C|_ = S.OpF and measurement Is to 
0.5V change on output voltage level. All outputs have maximum 
DC loading. The data on this page applies to the following part 
numbers: 


Operating 

Range 

Part Numbers 

Power 

Supply 

Temperature Range 

Com’l 

Am2909APC, DC 
Am2911APC, DC 

5.0V ±57c 

Ta = 0°C to + 70°C 

Mil 

Am2909ADM, FM 
Am2911ADM 

5.0V ±10% 

Tc = -55°C to +125°C 


Am2909/09A/11/11A 

TABLE I 

CYCLE TIME AND CLOCK CHARACTERISTICS 


Time 

COMMERCIAL 

MILITARY 

Minimum Clock LOW Time 

20 

20 

Minimum Clock HIGH Time 

20 

20 


TABLE II 

MAXIMUM COMBINATIONAL PROPAGATION DELAYS 

(all in ns. Cl = 50pF (except output disable tests)) 


From Input 

COMMERCIAL 

MILITARY 

Y 

Cn-i-4 

Y 

Cn-i-4 

Di 

17 

22 

20 

25 

So- Si 

29 

34 

29 

34 

ORj 

17 

22 

20 

25 

Cn 

_ 

14 

- 

16 

ZERO 

29 

34 

30 

35 

OE LOW (enable) 

25 

- 

25 

- 

OE HIGH (disable)* 

25 

- 

25 

- 

Clock t SiSo = LH 

39 

44 

45 

50 

Clock t Si So = LL 

39 

44 

1 

45 

50 

Clock t SiSo = HL 

44 

49 

53 

58 


•Cl = 5pF 

TABLE III 

GUARANTEED SET-UP AND HOLD TIMES (all in ns) (Note 1) 


From Input 

Notes 

COMMERCIAL 

MILITARY 

Set-Up Time 

Hold Time 

Set-Up Time 

Hold Time 



19 

4 

19 

5 

Ri 

2 

10 

4 

12 

5 

PUSH/POP 


25 

4 

27 

5 

FE 


25 

4 

27 

5 

Cn 


18 

4 

18 

5 

Di 


25 

0 

25 

0 

ORj 


25 

0 

25 

0 

So- Si 


25 

0 

29 

0 

ZERO • 


25 

0 

29 

0 


Notes: 1. All times relative to clock LOW-to-HIGH transition. 


2. On Am2911A, Rj and Dj are internally connected and labeled Oj. Use Rj set-up and hold times when D inputs are used to load register. 


CP -j 

^ towH ^ I 

(TABLE I) r (TABLE I) 


L. \\ CLOCK H TO L OCCURSL \ 

ANYTIME HERE Vfr 

XwwwvwwW / 

L. - - 1.5V 


I tc 

OV 

^ t-1 

(TABLE III) 

(TABLE III) 
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Am2909/09A/11/11A 
Ami2909 and Am2911 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE , 

Tables I, ll, and III below define the timing characteristics of the 
Am2909 and Am2911 over the operating voltage and tempera¬ 
ture range. The tables are divided into three types of paramet¬ 
ers; clock characteristics, combinational delays from inputs to 
outputs, and set-up and hold time requirements. The latter table 
defines the tirhe prior to the end of the cycle (i.e. clock LOW-to- 
HIGH transition) that each input must be stable to guarantee that 
the correct data is written into one of the internal registers. 

Measurements are made at 1.5V with V|l = OV and V|h = 3.0V. 
For three-state disable tests, Cl = S.OpF and measurement is to 
0.5V change on output voltage level. All outputs have maximum 
DC loading. The data on this page applies to the following part 
numbers: 


Operating 

Range 

Part Numbers 

Power 

Supply 

Temperature Range 

Com’l 

Am2909PC, DC 
Am2911PC, DC 

5.0V ±5%- 

Ta = 0°C to +70°C 

Mil 

Am2909DM, FM 
Am2911DM 

5.0V ±10% 

Tc = -55°C to +125°C 


TABLE I 

CYCLE TIME AND CLOCK CHARACTERISTICS 


TIME 

COMMERCIAL 

MILITARY 

Minimum Clock LOW Time 

30 

35 

Minimum Clock HIGH Time 

30 

35 


TABLE II 

MAXIMUM COMBINATIONAL PROPAGATION DELAYS 

(all in ns, Cl= 50pF (except output disable tests)) 


From 

Input 

COMMERCIAL 

MILITARY 

Y Cn4.4 

Y . Cn+4 

Dj ' ’ 

17 

30 

20 

r 

32 

So, Si 

30 

48 

40 

50 

ORj 

17 

30 

20 

32 

Cn 

- 

14 

- 

16 

zi^ 

30 

48 

40 

50 

OE LOW (enable) 

25 

- . 

26 

- 

OE HIGH (disable)* 

25 

- 

25 

- 

Clock t S 1 S 0 = LH 

43 

55 

50 

62 

Clock 1' SiSq ~ LL 

43 

55 

50 

62 

CIpck t S 1 S 0 = HL 

80 

95 

90 

102 


*Cl = 5.0pF 

TABLE III ■ 

GUARANTEED SET-UP AND HOLD TIMES (all in ns) (Note 1) 


From Input 

Notes 

COMMERCIAL 

MILITARY 

Set-Up Time 

Hold Time 

Set-Up Time 

Hold Time 



22 


22 

5 

Ri 

2 

10 

5 

12 

5 

PUSH/POP 


26 

6 

30 

7 

FE 


26 

5 

30 

5 

' Cn 


28 

5 

30 

5 

Di 


30 

0 

35 

3 

ORj 


30 

0 

35 

3 

^0' Si 


45 

0 

50 

0 

ZERO 


45 

0 

50 

0 


Notes: 1. All times relative to clock LOW-to-HIGH transition. 


2. On Am2911, Rj and Dj are internally connected together and labeled Dj. Use Rj set-up and hold times when D inputs are used to load register. 


CP 


ALL INPUTS 
(EXCEPT OE) 


YOUT 

Cn+4 


tpwH 

“(TABLE l)~ 


h tpwL _ 
(TABLE I) 

I/ 

/ \ \ CLOCK H TO L OCCURS y \ / 

■/ ANYTIME HERE VV “/ 

/i N w a w wxxw W _^i- 


(TABLE III) 


3.0V , 
1.5V 
OV 


_ th 

(TABLE 11 


t.5V 

OV 

VoH 

1.5V 

VoL 


_ CLOCK TO Yj or Cn+ 4 _ 
(TABLE ll) 


INPUTS TO Y or Cn +4 
(TABLE II) 
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Am2909/09A/11/11A 


OPERATION OF THE Am2909/Am2911 

Figure 5 lists the select codes for the multiplexer. The two 
bits applied from the microword register (and additional com¬ 
binational logic for branching) determine which data source 
contains the address for the next microinstruction. The 
contents of the selected source will appear on the Y outputs. 
Figure 5 also shows the truth table for the output control and 


for the control of the push/pop stack. Figure 6 shows in detail 
the effect of Sq, S-i , FE and PUP on the Am2909. These four 
signals define what address appears on the Y outputs and what 
the state of all the internal registers will be following the clock 
LOW-to-HIGH edge. In this illustration, the microprogram 
counter is assumed to contain initially some word J, the ad¬ 
dress register some word K, and the four words in the push/ 
pop stack contain Ra through Rcj. 


Address Selection 


Output Control 


OCTAL 

Si 

Sq 

SOURCE FOR Y OUTPUTS 

SYMBOL 

0 

L 

L 

Microprogram Counter 

UiPC 

1 

L 

H 

Address/Holding Register 

Aft 

2 

H 

L 

Push-Pop stack 

STKO 

3 

H 

H 

Direct inputs 

Dj 


ORi 

ZERO 

OE 

' Yj 

X 

X 

H 

Z 

X 

L 

L 

L 

H 

H 

L 

H 

L 

H 

L 

Source selected by Sq Si 


Z = High Impedance 


Synchronous Stack Control 


FE PUP 

PUSH-POP STACK CHANGE 

H X 

L H 

L L 

No change 

Increment stack pointer, then 
push current PC onto STKO 

Pop stack (decrement stack pointer) 



Figure 5. 


CYCLE 

Si,So, FE, PUP 

juPC 

REG 

STKO 

STK1 

STK2 

STK3 

YqUT 

COMMENT 

PRINCIPLE 

USE 

N 

N+1 

0 0 0 0 

J 

J+1 

K 

K 

Ra 

Rb 

■Rb 

Rc 

Rc 

Rd 

Rd 

Ra 

J 

Pop Stack 

End 

Loop 

N 

N+1 

0 0 0 1 

J 

J+1 

K 

K 

Ra 

J 

Rb 

Ra 

Rc 

Rb 

Rd 

Rc 

J 

Push jLiPC 

Set-up 

Loop 

N 

N+1 

0 0 1 X 

J 

J+1 

K 

K 

Ra 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

J 

Continue 

Continue 

N 

N+1 

0 10 0 

J 

K+1 

K 

K 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

Ra 

K 

Pop Stack; 

Use AR for Address 

End 

Loop 

N 

N+1 

0 10 1 

J 

K+1 

K 

K 

Ra 

J 

Rb 

Ra 

Rc 

Rb 

Rd 

Rc 

K 

Push juPC; 

Jump to Address in AR 

JSR AR 

N 

N+1 

0 1 1 X 

J 

K+1 

K 

K 

Ra 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

K 

Jump to Address in AR 

JMP AR 

N 

N+1 

10 0 0 

J 

Ra+1 

K 

K 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

Ra 

Ra 

_ 

Jump to Address in STKO; 
Pop Stack 

RTS 

N 

N-H1 

10 0 1 

J 

Ra+1 

K 

K 

Ra 

J 

Rb 

Ra 

Rc 

Rb 

Rd 

Rc 

Ra 

Jump to Address in STKO; 
Push jLtPC 


N 

N+1 

1 0 1 X 

J 

Ra+1 

K 

K 

Ra 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

Ra 

Jump to Address in STKO 

Stack Ref 
(Loop) 

N 

N+1 

110 0 

J 

D+1 

K 

K 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

Ra 

D 

Pop Stack; 

Jump to Address on D 

End 

Loop 

N ! 
N+1 

110 1 

J 

D+1 

K 

K 

Ra 

J 

Rb 

Ra 

Rc 

Rb 

Rd 

Rc 

D 

Jump to Address on D; 

Push juPC 

JSR D 

N i 
N+1 

1 1 1 X 

J 

D+T 

K 

K 

Ra 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

D 

Jump to Address on D 

JMP D 


X = Don't care, 0 = LOW, 1 = HIGH, Assume Cp = HIGH 
Note; STKO is the location addressed by the stack pointer. 


Figure 6. Output and internal Next-Cycle Register States for Am2909/Am2911. 
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Am2909/09A/11/11A 

Figure 7 illustrates the execution of a subroutine using the 
Am2909. The configuration of Figure 3 is assumed. The 
instruction being executed at any given time is the one con¬ 
tained in the microword register (juWR). The contents of the 
juWR also controls (indirectly, perhaps) the four signals Sq, S-j, 
FE, and PUP. The starting address of the subroutine is applied 
to the D inputs of the Am2909 at the appropriate time. 

In the columns on the left is the sequence of microinstructions 
to be executed. At address J+2, the sequence control portion 
of the microinstruction contains the comand "Jump to sub¬ 


routine at A". At the time T 2 , this instruction is in the /zWR, 
and the Am2909 inputs are set-up to execute the jump and 
save the return address. The subroutine address A is applied to 
the D inputs from the /iWR and appears on the Y outputs. The 
first instruction of the subroutine, 1(A), is accessed and is at 
the inputs of the juWR. On the next clock transition, 1(A) is 
loaded into the juWR for execution, and the return address 
J+3 Is pushed onto the stack. The return instruction is exe¬ 
cuted at T 5 . Figure 8 Is a similar timing chart showing one 
subroutine linking to a second, the latter consisting of only 
one microinstruction. 


CONTROL MEMORY 


Execute 

Microprogram 

Cycle 

Address 

Sequencer 

Instruction 


J-1 


To 

J 

- 

Ti 

J+1 

- 

T2 

S+2 

JSR A 

Te 

J+3 

- 

T 7 

J+4 

- 

- 

T 3 

A 

1(A) 

T 4 

A+1 

- 

T 5 

A+2 

- 

RTS 



CONTROL MEMORY 


Execute 

Microprogram 

Cycle 

Address 

Sequencer 

Instruction 


J-1 


To 

J 

- 

Ti 

J+1 

- 

T2 

J+2 

JSR A 

Tg 

J+3 

- 

T 3 

A 

- 

T 4 

A+1 

- 

T 5 

A+2 

JSR B 

T 7 

A+3 

- 

Ts 

A+4 

RTS 

Te 

B 

RTS 
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Am2909/09A/11/11A 


USING THE Am2909 AND Am2911 

The Am2909 and Am2911 are four-bit slice sequencers which 
are cascaded to form a microprogram memory address 
generator. Both products make available to the user several 
lines which are used to directly control the internal holding 
register, multiplexer and stack. By appropriate control of 
these lines, the user can implement any desired set of se¬ 
quence control functions; by cascading parts he can gener¬ 
ate any desired address length. These two qualities set the 
Am2909 and Am2911 apart from the Am2910, which is ar¬ 
chitecturally similar, but Is fixed at 12 bits in length and has a 
fixed set of 16 sequence control instructions. The Am2909 or 
Am2911 should be selected instead ofthe Am2910 under the 
following conditions; 

• Address less than 8 bits and not likely to be expanded 

• Address longer than 12 bits 


• More complex instruction set needed than is available on 
Am2910 

Architecture of the Control Unit 

The recommended architecture using the Am2909 or 
Am2911 Is shown in Figure 1. Note that the path from the 
pipeline register output through the pext address logic, mul¬ 
tiplexer, and microprogram memory Is all combinational. 
The pipeline register contains the current microinstruction 
being executed. A portion of that microinstruction consists 
of a sequence control command such as "continue", "loop", 
"return-from-subroutine", etc. The bits representing this 
sequence command are logically combined with bits repre¬ 
senting such things as test conditions and system state to 
generate the required control signals to the Am2909 or 
Am2911. The block labeled "next address logic" may consist 
of simple gates, a PROM or a PLA, but It should be all combi¬ 
national. 



OTHER 


Figure 1. Recommended Computer Control Unit Architecture Using the Am2911 or Am2909. 
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Am2909/09A/11/11A 


The Am29811A is a combinational circuit which implements 
16 sequence control instructions; It may be used with either 
an Am2909 or an Am2911. The set of instructions Is nearly 
identical to that implemented Internally in the Am2910. 

Figure 2 shows the CCU of Figure 1 with the Am29811A In 
place. The Am29811 A, in addition to controlling the Am2911, 


also controls a loop counter and several branch address 
sources. The instructions which are implemented by the 
Am29811A are shown in Figure 3, along with the Am29811 A 
outputs for each instruction. Generating any Instruction set 
consists simply of writing a truth table and designing combi¬ 
national logic to implement It. For more detailed information 
refer to 'The Microprogramming Handbook". 



MPR-100 


Figure 2. A Typical Computer Control Unit Using the Am2911 and Am29811A. 
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Am2909/09A/11/11A 


Expansion of the Ani2909 or Am2911 

Figure 4 shows the interconnection of three Am2911's to 
form a 12-bit sequencer. Note that the only interconnection 
between packages, other than the common clock and control 
lines, is the ripple carry between fiPC incrementors. This 
carry path is not in the critical speed path if the Am2911 Y 
outputs drive the microprogram memory, because the ripple 
carry occurs in parallel with the memory access time. If, on 
the other hand, a micro-address register is placed at the 
Am2911 output, then the carry may lie in the critical speed 
path, since the last carry-in must be stable for a set-up time 
prior to the clock. 

Selecting Between the Am2909 and Am2911 

The difference between the Am2909 and the Am2911 in¬ 
volves two signals; the data inputs to the holding register 


and the “OR" inputs. In the Am2909, separate four-bit fields 
are provided for the holding register and the direct branch 
inputs to the multiplexer. In the Am2911, these fields are 
internally tied together. This may affect the design of the 
branch address system, as shown in Figure 5. Using the 
Am2909, the register inputs may be connected directly to the 
microprogram memory; the internal register replaces part of 
the pipeline register. The direct (D) inputs may be tied to the 
mapping logic which translates instruction op codes into 
microprogram addresses. While the same technique might 
be used with the Am2911, It is more common to connect the 
Am2911's D inputs to a branch address bus onto which 
various sources may be enabled. Shown in Figure 5 Is a 
pipeline register and a mapping ROM. Other sources might 
also be applied to the same bus. The internal register is'used 
only for temporary storage of some previous branch ad¬ 
dress. 



Figure 4. Twelve Bit Sequencer. 



Figure 5. Branch Address Structures. 
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The second difference between the Am2909 and Am2911 is 
that the Am2909 has OR inputs available on each address 
output line. These pins can be used to generate multi-way 
single-cycle branches by simply tying several test conditions 
into the OR lines. See Figure 6. Typically, a branch is taken to 
an address with zeroes in the least significant bits. These bits 
are replaced with 1 's or O's by test conditions applied to the 
OR lines. In Figure 6, the states of the two test conditions X 
and Y result In a branch to 1100, 1101, 1110, or 1111. 



MPR-104 


Figure 6. Use of OR Inputs to 

Obtain 4 - Way Branch. 


The Am29803A has been designed to selectively apply any 
of all of four different test conditions to an Am2909. Figure 7 
shows the truth table for this device. A nice trade off between 
flexibility and board space is achieved by using a single 
28-pin Am2909 for the least significant four bits of a sequen¬ 
cer, and using the space-saving 20-pln Am2911's for the 
remainder of the bits. A detailed logic design for such a 
system is contained In The Microprogramming Handbook. 


How to Perform Some Common Functions with 
the Am2909 or Am2911 

1. CONTINUE 


MUX/Yout 

STACK 

Cn 

Si So FE PUP 

PC 

HOLD 

1 

0 0 1 X 


2. BRANCH 


MUX/Yout 

STACK 

Cn 

Si So FE PUP 

D 

HOLD 

1 

1 11 X 


Feed data on D Inputs straight through to memory ad¬ 
dress lines, increment address and place in PC. 

3. JUMP-TO-SUBROUTINE 


MUX/Yout 

STACK 

Cn 

Si So FE PUP 

D 

PUSH 

1 

110 1 


Sub-routine address fed from D Inputs to memory address. 
Current PC is pushed onto stack, where it Is saved for the 
return. 

4. RETURN-FROM-SUBROUTINE 


MUX/Yout 

STACK 

Cn 

Si 

So 

FE PUP 

STACK 

POP 

1 

1 

0 

0 0 


The address at the top of the stack is applied to the micropro¬ 
gram memory, and is incremented for PC on the next cycle. 
The stack Is popped to remove the return address. 


Am29803A FUNCTION TABLE 



BRANCH ON 

'3 

'2 

ii 

•o 

OR3 OR2 OR-j 

0 

cc 

0 

NONE 

NONE 

L 

L 

L 

L 

L 

L 

L 

L 


^0 

L 

L 

L 

H 

L 

L 

L 

To 

Two-Way 

Ti 

L 

L 

H 

L 

L 

L 

L 

Ti 

Branches 

Tz 

L 

H 

L 

L 

L 

L 

L 

Tz 


Ta 

H 

L 

L 

L 

L 

L 

L 

T3 


Ti &To 

L 

L 

H 

H 

L 

L 

Ti 

To 


Tg & To 

L 

H 

L 

H 

L 

L 

Tg 

To 

Four-Way 

T3&T0 

H 

L 

L 

“SI 

L 

L 

T3 

To 

Branches 

Tg&Ti 

L 

H 

H 

L 

L 

L 

Tz 

Ti 


T3&T, 

TT 

nr 

nr 

nr 

L 

L 

T3 

Ti 


T3&T2 

H 

H 

L 

L 

L 

L 

T3 

Tz 


Tz. T„ To 

L 

H 

H 

nr 

L 

T2 

Ti 

To 

Eight-Way 

T3. Ti, To 

TT 

~L~ 

nr 

nr 

L 

T3 

Ti 

To 

Branches 

T3. Tg. To 

IT 

nr 

nr 

nr 

L 

T3 

Tz 

To 


T3. Tg, Ti, ' 

TT 

nr 

nr 

nr 

L 

T3 

Tz 

Ti 

Sixteen- 

Way 

^ 3 > Tg, Ti, To 

H 

H 

H 

H 

T3 

T2 

Ti 

To 

Branch 











FOUR 

TEST 

CONDITIONS 


T3 

'3 ‘2 '1 '0 0R3 

Tz 

ORj 

Am29803A 

Ti 

OR1 


LL 

__ZJ 


TO Am2909 
OR INPUTS 
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Contents of PC placed on Y outputs; PC Incremented. 
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Metallization and Pad Layouts 


Am2909 


25 24 23 22 2t 20 19 18 



5 6 7 8 9 10 


Numbers correspond to DIP pin-out 

DIE SIZE 0.110” X 0.160” DIE SIZE 86 X 98 Mils 




Burn-in Circuit for Am2909 (Flatpack and Hermetic DIP) 

VccO- 


Notes: 

Max. Ice = 200mA 
Ta = +125°C 
Resistors = ±5% 

Ri = 390a 
R2 = 56011 
Rg = Ika 

fjn = 100kHz, 50% duty-cycle, 0-3V 
Vqc niin. = 5.0V 
Vec rnax. = 5.1V 




2e| 27|26| 25| 241 231 22^ 21| 2o| 19 } 181 17| lef 151 


Vec CP PUSH/ FE Cn+4 Cn OE Y3 Y2 Y^ Yq Sq ZERoI 
POP 


RE R3 R2 Ri Rq OR3 D3 OR2 D2 OR1 ORq Dq GND 

i | 2 I aj 4| sj ej rj 8 ^ gj io j| ii| 12 ^ 13 I i4| 


This circuit conforms to MIL-STD-883, Method 1005 and 1015, Condition D. Parallel excitation. 


MPR-726 


Notes: 

Max. Ice = 200mA 
Ta = -H125°C 
Resistors = ±5% 

R-, = 390n 
Rg = 560ft 
Rg = Ikft 

fin = 100kHz, 50% duty-cycle, 0-3V 

From clock buffer on each board; 
Vcc = 5 0V 
Vec niax. = 5.1V 


Burn-in Circuit for Am2911 



This circuit conforms to MIL^STD-883, Method 1005 and 1015, Condition D. Parallel excitation. 


MPR-727 
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TEST OUTPUT LOAD CONFIGURATIONS FOR Am2909/2911 AND Am2909A/2911A 


A. THREE-STATE OUTPUTS 

Vcc 



B. NORMAL OUTPUTS 


Vcc 



R2= ^ 

•oh 

5.0 - Vbe - VoL 
= -- 

•OL + V0L/R2 


Notes: 1. Cl = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 

2 . Si, S 2 , S 3 are closed during function tests and all AC test except output enable tests. 

3. Si and S 3 are closed while S 2 is open for tpzH test. 

Si and S 2 are closed while S 3 is open for tpzL test. 

4. Cl = 5.0pF for output disable tests. 


TEST OUTPUT LOADS 


Pin # 


Test 

Am2909 

Am2909A 

(DIP) 

Pin Label 

Circuit 

Ri 

R2 

Rl 

R2 

18-21 

Yo-3 

A 

300 

IK 

220 

IK 

24 

Cn+4 

B 

470 

2.4K 

220 

2.4K 


TEST OUTPUT LOADS 


Pin # 


Test 

Am2911 

Am2911A 

(DIP) 

Pin Label 

Circuit 

Rl 

R2 

Rl 

R2 

12-15 

Yo-3 

A 

300 

1K 

220 

1K 

18 

Cn+4 

B 

470 

2.4K 

220 

2.4K 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
cause erroneous function failures due to Vcc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground 
cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 


4. Use extreme care In defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
V|L ^ 0.4V and Vm ^ 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation 
on our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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ARCHITECTURE OF THE Am2909/Am2911 

The Am2909/Am2911 are bipolar microprogram sequencers 
intended for use in high-speed microprocessor applications. 
The device is a cascadable 4-bit slice such that two devices 
allow addressing of up to 256-words of microprogram and 
three devices allow addressing of up to 4K words of micro¬ 
program. A detailed logic diagram is shown in Figure 2. 

The device contains a four-input multiplexer that is used to 
select either the address register, direct inputs, microprogram 
counter, or file as the source of the next microinstruction ad¬ 
dress. This multiplexer is controlled by the Sq and S-i inputs. 

The address register consists of four D-type, edge triggered 
flip-flops with a common clock enable. When the address 
register enable is LOW, new data is entered into the register 
on the clock LOW-to-HIGH transition. The address register 
is available at the multiplexer as a source for the next micro¬ 
instruction address. The direct input is a four-bit field of 
Inputs to the multiplexer and can be selected as the next 
microinstruction address. On the Am2911, the direct inputs 
are also used as inputs to the register. This allows an N-way 
branch where N is any word in the microcode. 

The Am2909/Am2911 contains a microprogram counter 
(juPC) that is composed of a 4-bit incrementer followed by a 
4-bit register. The incrementer has carry-in (Cn) and carry-out 
(Cn-f4) such that cascading to larger word lengths is straight¬ 
forward. The juPC can be used in either of two ways. When the 
least significant carry-in to the incrementer is HIGH, the 
microprogram register is loaded oh the next clock cycle with 
the current Y output word plus one (Y+1->juPC.) Thus sequen¬ 
tial microinstructions can be executed. If this least significant 
Cn is LOW, the incrementer passes the Y output word unmod¬ 
ified and the microprogram register is loaded with the same 
Y word on the next clock cycle (Y->juPC). Thus, the same 
microinstruction can be executed any number of times by 
using the least significant Cp as the control. 

The last source available at the multiplexer input is the 4 x 4 
file (stack). The file Is used to provide return address linkage 


when executing microsubroutines. The file contains a built-in 
stack pointer (SP) which always points to the last file word 
written. This allows stack reference operations (looping) to be 
performed without a push or pop. 


The stack pointer operates as an up/down counter with 
separate push/pop and file enable inputs. When the file enable 
input is LOW and the push/pop input is HIGH, the PUSH 
operation is enabled. This causes the stack pointer to 
increment and the file to be written with the required return 
linkage — the next microinstruction address following the sub¬ 
routine jump which initiated the PUSH. 


If the file enable input is LOW and the push/pop control is 
LOW, a POP operation occurs. This implies the usage of the 
return linkage during this cycle and thus a return from sub¬ 
routine. The next LOW-to-HIGH clock transition causes the 
stack pointer to decrement. If the file enable is HIGH, 
no action is taken by the stack pointer regardless of any 
other input. 

The stack pointer linkage is such that any combination of 
pushes, pops or stack references can be achieved. One micro¬ 
instruction subroutines can be performed. Since the stack is 
4 words deep, up to four microsubroutines can be nested. 



The ZERO input is used to force the four outputs to the 
binary zero state. When the ZERO input is LOVV, all Y 
outputs are LOW regardless of any other inputs (except OE). 
Each Y output bit also has a separate OR input such that a 
conditional logic one can be forced at each Y output. This 
allows jumping to different microinstructions on program¬ 
med conditions. 


The Am2909/Am2911 feature three-state Y outputs. These 
can be particularly useful in military designs requiring external 
Ground Support Equipment (GSE) to provide automatic 
checkout of the microprocessor. The internal control can 
be placed in the high-impedance state, and preprogrammed 
sequences of microinstructions can be executed via external 
access to the control ROM/PROM. 


DEFINITION OF TERMS 

A set of symbols is used in this data sheet to represent 
various internal and external registers and signals used with 
the Am2909. They are: 

Inputs to Am2909/Am2911 

Si, So Control lines for address source selection 

FE, PUP Control lines for push/pop stack 

RE Enable line for internal address register 

ORj Logic OR inputs on each address output line 

ZERO Logic AND input on the output lines 

OE Output Enable. When OE is HIGH, the Y out¬ 

puts are OFF (high impedance) 

Cn Carry-in to the incrementer 

Rj Inputs to the internal address register 

Dj Direct inputs to the multiplexer 

CP Clock input to the AR and (jlPC register and 

Push-Pop stack 

Outputs from the Am2909/ Am2911 

Yj Address outputs from Am2909. (Address Inputs 

to control memory.) 

Cn+4 Carry out from the incrementer 


Internal Signals 


juPC 

AR 

STK0-STK3 


SP 


Contents of the microprogram counter 
Contents of the address/holding register 
Contents of the push/pop stack. By definition, 
the word in the four-by-four file, addressed by 
the stack pointer is STKO. Conceptually data 
is pushed into the stack at STKO; a subsequent 
push moves STKO to STKl; a pop implies 
STK3 STK2 STKl -> STKO. Physically, 
only the stack pointer changes when a push or 
pop is performed. The data does not move. I/O 
occurs at STKO. 

Contents of the stack pointer 


External to the Am2909/Am2911 


A 

1(A) 

mwr 


Tn 


Address to the control memory 
Instruction in control memory at address A 
Contents of the microword register (at output 
of control memory). The microword register 
contains the instruction currently being exe¬ 
cuted. 

Time period (cycle) n 
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Note: Rj and Dj connected together on Am2911 and ORj removed. 


Figure 2. Microprogram Sequencer Block Diagram. 
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Am2910 • Am2910-1 • Am291 OA 

Microprogram Controller 


DISTINCTIVE CHARACTERISTICS 

• Twelve Bits Wide 

Address up to 4096 words of microcode with one chip. All 
internal elements are a full 12 bits wide. 

• Internal Loop Counter 

Pre-settable 12-bit down-counter for repeating 
instructions and counting loop iterations. 

• Four Address Sources 

Microprogram Address may be selected from 
microprogram counter, branch address bus, 5-level 
push/pop stack, or internal holding register. 

• Sixteen Powerful Microinstructions 

Executes 16 sequence control instructions, most of which 
are conditional on external condition input, state of 
internal loop counter, or both. 

• Output Enable Controls for Three Branch Address 
Sources 

Built-in decoder function to enable external devices onto 
branch address bus. Eliminates external decoder. 

• All Registers Positive Edge-triggered 

Simplifies timing problems. Eliminates long setup times. 

• Fast Control from Condition Input 

Delay from condition code input to address output only 
21ns typical. 

• Fast 

The Am2910-1 supports 100ns cycle times. The 
Am2910A will meet or exceed all Am2910-1 
specifications and will be 25-30% faster than the 
Am2910. 

• IMOX"“ 

The Am2910A will be processed with AMD’s proprietary 
IMOX technology. 


Am2910 BLOCK DIAGRAM 



GENERAL DESCRIPTION 

The Am2910 Microprogram controller is an address se¬ 
quencer Intended for controlling the sequence of execution 
of microinstructions stored in microprogram memory. 
Besides the capability of sequential access, it provides 
conditional branching to any microinstruction within its 
4096-microword range. A last-in, first-out stack provides 
microsubroutine return linkage and looping capability; there 
are five levels of nesting of microsubroutines. Microinstruc¬ 
tion loop count control is provided with a count capacity of 
4096. 

During each microinstruction, the microprogram controller 
provides a 12-blt address from one of four sources: 1) the 
microprogram address register (/xPC), which usually con¬ 
tains an address one greater than the previous address; 
2) an external (direct) input (D); 3) a register/counter (R) 
retaining data loaded during a previous microinstruction; or 
4) a five-deep last-in, first-out stack (F). 

The Am2910-1 is a speed selected plug-in replacement for 
the Am2910 capable of 100ns cycle times. The Am2910A is 
a speed improved plug-in replacement of the Am2910 
featuring AMD’s ion-implanted micro-oxide (IMOX) proces¬ 
sing and offering 25-30% speed improvement. The 
Am2910A also features a nine-word deep stack versus the 
five-deep stack of the Am2910. 


RELATED PRODUCTS 


Part No. 

Description 

Am2914 

Vectored Interrupt Controller 

Am2918 

Pipeline Register 

Am2922 

Condition Code MUX 

Am25LS377 

Status Register 

Am27S35 

Registered PROM 




For applications information, see Chapter 11 of Bit Slice 
Microprocessor Design, Mick & Brick, McGraw Hill Publi¬ 
cations. 


IMOX is a trademark of Advanced Micro Devices, Inc. 
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ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Am2910A 
Order Number 

Am2910-1 
Order Number 

Am2910 
Order Number 

Package Type 

(Note 1) 

Operating Range 

(Note 2) 

Screening Level 

(Note 3) 

Available 

AM2910-1DM 

AM2910PC 

P-40 

C 

C-1 

1H1983 

AM2910-1DC 

AM2910DC 

b-40 

C 

C-1 



AM2910DC-B 

D-40 

C 

B-2(Note4) 



AM2910DM 

D-40 

M 

C-3 



AM2910DM-B 

D-40 

M 

B-3 



AM2910FM 

F-42 

M 

C-3 



AM2910FM-B 

F-42 

M 

B-3 



AM2910LC 

L-44 

C 

C-1 



AM2910LM 

L-44 

M 

C-3 



AM2910LM-B 

L-44 

M 

B-3 



AM2910XC 

Dice 

C 

1 Visual inspection 



AM2910XM 

Dice 

M 

} to MIL-STD-883 






j Method 2011 OB. 


Notes: 1. P = Molded DIP, D =. Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for 

detailed outline. Where Appendix B contains several dash numbers, any of the variations of the package may be used 
unless otherwise specified. 

2. C = 0 to +70°C, Vcc = 4.75 to 5.25V, M = -55 to + 125°C, Vcc = 4.50 to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to 
MIL-STD-883, Class B. 

4. 96 hour burn-in. 


Metallization and Pad Layout 


35 

36 

37 

38 
GND 

39 

40 

2 

3 

4 




■ PL,"" cjiir 


It 


11 12 13 14 15 


Die Size 0.170” x 0.194” 

(Note; Numbers refer to DIP connections) 


CONNECTION DIAGRAMS - Top Views 


D-40, P-40 


F-42-1 


Y 4 II: 

1 • ^ 

40 

Z3 03 

d4C=: 

2 

39 

□ ^3 

yscz 

3 

38 

Z|02 

DbCZ 

4 

37 

Z1 ^2 

VECT 1 

5 

36 



6 

35 

d ^1 

MAP d 

7 

34 

Zl °o 

' 3 CZ 

8 

33 

Zl YO 

' 2 IZ 

9 

32 

dci 

VccfZ 

Am2910 

31 

~n CP 

'id 

11 

30 

!□ gnd 

'od 

12 

29 

ZlOE 

CCEN CZ 

13 

28 

d Y11 

cc d 

14 

27 

Zl D 11 

RLD d 

15 

26 

d Y10 

full I 

16 

25 

Z]Dl0 

>36 d 

17 

24 

dY9 

YeCZ 

18 

23 


°7d 

19 

22 

d^s 

Y7 d 

20 

21 

Zl *^8 


MPR-107 



Pin 1 is marked for orientation. 


Chip-Pak™ 

L-44-1 


M Is ' o’ o" v" o" d- 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 


Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for High Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current _ 


-0.5V to +7.0V 


—0.5 V to Vcc niax. 
-0.5V to +5.5V 
30 mA 

—30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS The Following Conditions Apply Unless Otherwise Specified; 

COM'L Ta = 0°c to+70°C Vcc = 5.0V ±5% MIN. = 4.75V MAX. = 5.25V 

mil Tc =-55®C to+125°C Vqc = 5.0V ±10% MIN. = 4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vqh 

Output HIGH Voltage 

Vcc “ MIN., Iq|-| = —1.6mA 

ViN = V|H or V|L 

2.4 



Volts 

VoL 

Output LOW Voltage 

Vcc = min. 

V|N = V|H or V|L 

^0-11- lOL = 12mA 

PL, VECT. MAP, FULL, Iql = 8mA 



0.5 

Volts 

V|H 

Input HIGH Level (Note 4) 

Guaranteed Input Logical HIGH 
voltage for all inputs 

2.0 



Volts 

VlL 

■ ■ 

Input LOW Level (Note 4) 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc ~ MIN., l||Nj = —18mA 



-1.5 

Volts 

'IL 

Input LOW Current 

(■ 

Vcc = max., V|N =0.5V 

Do-11 



-0.87 

mA 

Cl, CCEN 



-0.54 

l0-3, OE, mlD 



-0.72 

CC 



-1.31 

CP 



-2.14 

l|H 

Input HIGH Current 

Vcc = max., V|n = 2.7V 

Do-11 



80 

juA 

Cl, CCEN 



30 

l0-3« DE, RLD 



40 

CC 



50 

CP 



100 

l| 

Input HIGH Current 

Vcc = max., V||\| = 5.5V 



1.0 

mA 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-30 


-85 

mA 

•OZL 

•OZH 

Output OFF Current 

Vcc = max. 

^ = 2.4V 

VoUT - 0-5V 



-50 

mA 

VOUT = 2.4 V 



50 

•cc 

Power Supply Current 



Ta = 25° C 


195 

320 

mA 

Vcc = max. 

Am2910PC, DC 

Ta = 0°C to +70°C 



344 

Ta = +70°C 



280 

Am2910DM, FM 

Tc = -55° C to 
+125°C 



340 

Tc = +125°C 

_i 


227 


Notes: 1. For conditions shown as MIN., or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide no guaranteed noise immunity and should only be static tested in a noise-free environment, (not functionally tested). 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
cause erroneous function failures due to Vcc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5- 8ns. Inductance in the ground cable 


may allow the ground pin at the device to rise by 100s of 
millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
V|L ^ 0.4V and V|h ^ 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation 
on our test procedures and. In most cases, can provide 
Fairchild Sentry programs, under license. 
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Am2910 SWITCHING CHARACTERISTICS 

The tables below define the Am2910 switching characteristics. Tables A are set-up and hold times relative to the clock LOW-to-HIGH 
transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V with input levels at 
OV or 3V. All values are in ns. All outputs have maximum DC loading. 


I. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
Am2910PC,DC (Ta = 0 to +70X, Vcc = 4.75 to 5.25V, Cl = 50pF) 

A. Set-up and Hold Times B. Combinational Delays 


Input 


th 

Di->R 

24 

6 

Dj -> PC 

58 

4 

•o'b 

104 

0 


80 

0 

CCEN 

80 

0 

Cl 

46 

5 

Wd 

36 

6 


Input 

Y 

PL, VECT, MAP 

Full 

Dq-Dii 

20 


- 

l0-'3 

70 

51 

- 

CC 

43 

- 

- 

CCEN 

45 

- 

- 

CP (Note 2) 

1 8, 9, 15 

100 

. 

60 

125 

- 

60 

CP 

All other I 

55 

- 

60 

OE (Note 3) 

35/30 

- 

- 


C. Clock Requirements (Note 1) 


Minimum Clock LOW Time 

50 

ns 

Minimum Clock HIGH Time 

35 

ns 

Minimum Clock Period, 

1 = 8, 9, 15 (Note 2) 

138 

ns 

163, 

Minimum Clock Period, 1=14 

93 

-1 

ns 


II. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
Am2910DM,FM (Tc = -55 to -i-125X, Vcc = 4.5 to 5.5V, Cl = 50pF) 


A. Set-up and Hold Times 


— 

Input 

«s 

th 

D: ->R 

28 

6 

Dj->PC 

62 

4 

•o'la 

110 

0 

CC 

86 

0 

CCEN 

86 

0 

Cl 

58 

5 

Mil 

42 

6 


B. Combinational Delays 


Input 

Y 

PL, VECT, MAP 

Tuii 

Dq-D-ii 

25 


- 

•o'b 

75 

58 

- 

CC 

48 

1 

- 

CCEN 

50 

- 

- 

CP (Note 2) 

1 = 8, 9, 15 

106 

_ 

67 

130 

- 

67 

CP 

All other I 

61 ' 

- 

67 

OE (Note 3) 

40/30 

- 

- 


C. Clock Requirements (Note 1) 


Minimum Clock LOW Time 

58 

ns 

Minimum Clock HIGH Time 

42 

ns 

Minimum Clock Period, 

1 = 8, 9. 15 (Note 2) 

143 

ns 

167 

Minimum Clock Period, 1 = 14 

100 ; 
- 1 

ns 


NOTES: 

1 . Clock periods for instructions not specified are determined by external 
conditions. 

2. These instructions are conditional on the counter. Use the shorter 
specified delay times if the previous instruction could produce no 


change in the counter or could only decrement the counter. Use the 
longer dela ys fro m CP to outputs if the instruction prior to the clock was 
4 or 12 or RLD was LOW. 

3. Enable/Disable. Disable times, measured to 0.5V change on output 
voltage level with Cl = 5.0pF. 
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Am2910-1 SWITCHING CHARACTERISTICS 

The tables below define the Am2910-1 switching characteristics. Tables A are setup and hold times relative to the clock LOW-to-HIGH 
transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V with input levels at 
0 or 3V. All values are in ns. All outputs have maximum DC loading. 


I. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
Am2910-1 DC (Ta = 0 to 4-70°C, Vcc = 4.75 to 5.25V, Cl = 50pF) 


A. Set-up and Hold Times 


Input 

ts 

th 

Di-)>R 

24 

6 

Di-> PC 

58 

4 

•o-b 

75 

0 

CC 

63 

0 

CC^ 

63 

0 

Cl 

46 

5 

RLD 

36 

6 


B. Combinational Delays 


Input 

Y 

PL, VECT, MAP 

Full 

D 

o 

6 

20 

- 

- 

•o'b 

50 

51 

- 

CC 

30 


-- 

CCEN 

30 

~ 


CP (Note 2) 

1 - 8, 9, 15 

ji 

- 

60 

85 

- 

60 

CP 

All other 1 

55 

- 

60 

OE (Note 3) 

35/30 




C. Clock Requirements (Note 1) 


Minimum Clock LOW Time 

50 

ns 

Minimum Clock HIGH Time 

35 

ns 

Minimum Clock Period, 

1 = 8. 9, 15 (Note 2) 

113 

ns 

123 

Minimum Clock Period, l=14 

93 

ns 


Boldface times indicate speed selected 
critical paths. 


II. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
Am2910-1DM (Tq = -55 to +125°C, Vcc = 4.5 to 5.5V, Cl = 50pF) 


A. Set-up and Hold Times 


Input 

ts 

th 

Di->R 

28 

6 

D i -> PC 

62 

4 

•o'b 

81 

0 

CC 

65 

0 

C^ 

63 

0 

Cl 

58 

5 


42 

6 


B. Combinational Delays 


Input 


PL, VECT, MAP 

Full 

Dq-D^i 

25 

- 


•o-l3 

54 

58 

- 


35 

- 

~ 

CCEN 

37 

- 

- 

CP (Note 2) 

77 


67 

1 = 8, 9, 15 


1 : 

67 

CP 

All other 1 

61 

- 

67 

OE (Note 3) 

40/30 




C. Clock Requirements (Note 1) 


-^;- 1 

Minimum Clock LOW Time 

58 

ns 

Minimum Clock HIGH Time 

42 

ns 

Minimum Clock Period, 

1 = 8, 9, 15 (Note 2) 

114 

ns 

[ 

125 

Minimum Clock Period, 1=14 

100 

ns 


NOTES: 

1 . Clock periods for instructions not specified are determined by external 
conditions. 

2 . These instructions are conditional on the counter. Use the shorter 
specified delay times if the previous instruction could produce no 


change in the counter or could only decrement the counter. Use the 
longer dela ys fro m CP to outputs if the instruction prior to the clock was 
4 or 12 or RLD was LOW. 

3. Enable/Disable. Disable times measured to 0.5V change on output 
voltage level with Cl = 5.0pF. 
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Am2910A SWITCHING CHARAGTEmSTICS 

The tables below define the Am2910A switching characteristics. Tables A are setup and hold times relative to the clock LOW-to-HIGH 
transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V with input levels at 
0 or 3V. All values are In ns. All outputs have maximum DC loading. 


I. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERAtiNG RANGE 
Am2910APC,DC (Ta = 0 to +70‘>C, Vcc = 4.75 to 5.25V, Cu = 50pF) 


A. Set-up and Hold Times 


B. Combinational Delays 


Input 

h 

th 

Dj~>R 



Di->PC 



•o'b 



CC 



CCEN 



cr 1 

-j 


RLD 




Input 

Y 

PL, VECT, MAP 

Full 

Dq-Dii 


- 

- 

I 0 -I 3 






- 


C^ 


- 


CP (Note 2) 



60 

1 = 8 , 9, 15 



60 

CP 

All other 1 

55 

- 


^ (Note 3) 

35/30 

_ ^ 

K. 



B. Combinational Delays 









m 



CCEN 

■ 


Cl 




_ 1 



Input 

Y 

PL, VECT, MAP 

Rjii 

Dq-D-h 


- 


•o‘b 



- 



- 

- 

CCEN 


- 


CP (Note 2) 

1 = 8 , 9, 15 

i f 

- 



- 


CP 

All other 1 


- 


OE (Note 3) 


_i 

- 


C. Clock Requirements (Note 1) 


Minimum Clock LOW Time 


ns 

Minimum Clock HIGH Time 


ns 

Minirrium Clock Period, 

1 = 8 , 9, 15 (Note 2) 


ns 

Minimum Clock Period, N14 

-i 

ns 


NOTES; 

1 . Clock periods for instructions not specified are determined by external 
conditions. 

2 . These instructions are conditional on the counter. Use the shorter 
specified delay times if the previous instruction could produce no 


change in the counter or could only decrement the counter. Use the 
longer delays from CP to outputs if the instruction priorto the clock was 
4 or 12 or RLD was LOW, 

3. Enable/Disable. Disable times measured to 0.5V change on output 
voltage level with Cl = 5.OpF. 
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ARCHITECTURE OF THE Am2910 

The Am2910 is a bipolar microprogram controller intended 
for use in high-speed microprocessor applications. It allows 
addressing of up to 4K words of microprogram. A block dia¬ 
gram is shown in Figure 1. 

The controller contains a four-input multiplexer that is used to 
select either the register/counter, direct input, microprogram 
counter, or stack as the source of the next microinstruction 
address. 

The register/counter consists of 12 D-type, edge-triggered flip- 
flops, with a common clock enable. When its load control, 
RLD, is LOW, new data is loaded on a positive clock transition. 
A few instructions include load; in most systems, these in¬ 
structions will be sufficient, simplifying the microcode. The 
output of the register/counter is available to the multiplexer as 
a source for the next microinstruction address. The direct input 
furnishes a source of data for loading the register/counter. 

The Am2910 contains a microprogram counter (juPC) that is 
composed of a 12-bit incrementer followed by a 12-bit register. 
The /iPC can be used in either of two ways: When the carry-in 
to the incrementer is HIGH, the microprogram register is 
loaded on the next clock cycle with the current Y output 
word plus one (Y + 1 (jlPC). Sequential microinstructions are 
thus executed. When the carry-in is LOW, the incrementer 
passes the Y output word unmodified so that ixPC is reloaded 
with the same Y word on the next clock cycle {Y juPC). The 
same microinstruction is thus executed any number of times. 

The third source for the multiplexer is the direct (D) input. 
This source is used for branching. 

The fourth source available at the multiplexer input is a 5-word 
by 12-bit stack (file). The stack is used to provide return 
address linkage when executing microsubroutines or loops. 
The stack contains a built-in stack pointer (SP) which always 
points to the last file word wi itten. This allows stack reference 
operations (looping) to be performed without a pop. 

The stack pointer operates as an up/down counter. During 
microinstructions 1, 4, and 5, the PUSH operation may occur. 
This causes the stack pointer to increment and the file to 
be written with the required return linkage. On the cycle 
following the PUSH, the return data is at the new location 
pointed to by the stack pointer. 

During five microinstructions, a POP operation may occur. 
The stack pointer decrements at the next rising clock edge 
following a POP, effectively removing old information from 
the top of the stack. 

The stack pointer linkage is such that any sequence of pushes, 
pops, or stack references can be achieved. At RESET (Instruc¬ 
tion 0), the depth of nesting becomes zero. For each PUSH, 
the nesting depth increases by one; for each POP, the depth 
decreases by on e. The depth can grow to five. After a depth of 
five is reached, FULL goes LOW. Any further PUSHesontoa 
full stack overwrite information at the top of the stack, but 
leave the stack pointer unchanged. This operation will usually 
destroy useful iaformation and is normally avoided. A POP 
from an empty stack may place non-meaningful data on the Y 
outputs, but is otherwise safe. The stack pointer remains at 
zero whenever a POP is attempted from a stack already empty. 


The register/counter is operated during three microinstructions 
(8, 9, 15) as a 12-bit down counter, with result = zero available 
as a microinstruction branch test criterion. This provides effi¬ 
cient iteration of microinstructions. The register/counter is 
arranged such that if it is preloaded with a number N and then 
used as a loop termination counter, the sequence will be exe¬ 
cuted exactly N+1 times. During instruction 15, a three-way 
branch under combined control of the loop counter and the 
condition code is available. 

The device provides three-state Y outputs. These can be par¬ 
ticularly useful in designs requiring automatic checkout of the 
processor. The microprogram controller outputs can be forced 
into the high-impedance state, and pre-programmed sequences 
of microinstructions can be executed via external access to the 
address lines. 


OPERATION 

Table I shows the result of each instruction in controlling the 
multiplexer which determines the Y outputs, and in controlling 
the three enable signals PL, MAP, and VECT. The effect on 
the register/counter and the stack after the next positive-going 
clock edge is also shown. The multiplexer determines which 
internal source drives the Y outputs. The value loaded into 
pPC Is either identical to the Y output, or else one greater, 
as determined by Cl. For each instru ction, one and only one 
of the three outputs PL, MAP, and VECT is LOW. If these 
outputs control three-state enables for the primary source of 
microprogram jumps (usually part of a pipeline register), 
a PROM which maps the instruction to a microinstruction 
starting location, and an optional third source (often a vector 
from a DMA or interrupt source), respectively, the three-state 
sources can drive the D inputs without further logic. 

Several inputs, as shown in Table II, can modif y instruction 
execution. The combination CC HIG H and CCEN LOW is used 
as a test in 9 of the 16 instructions. RLD, when LOW, causes 
the D input to be loaded into the register/counter, overri ding 
any HOLD or DEC operation specified in the instruction. OE, 
normally LOW, may be forced HIGH to remove the Am2910 
Y outputs from a three-state bus. 

The stack, a five-word last-in, first-out 12-bit memory, has a 
pointer which addresses the value presently on the top of the 
stack. Explicit control of the stack pointer occurs during in¬ 
struction 0 (RESET), which makes the stack empty by resetting 
the SP to zero. After a RESET, and whenever else the stack is 
empty, the contents of the top of stack is undefined until a 
PUSH occurs. Any POPs performed while the stack is empty 
put undefined data on the F outputs and leave the stack 
pointer at zero. 

Any time the stack is full (five more PUSHes than POPs have 
occurred since the stack was last empty), the FULL warning 
output occurs. This signal first appears on the microcycle after 
a fifth PUSH. No additional PUSH should be attempted onto 
a full stack; if tried. Information within the stack will be over¬ 
written and lost. 


5-129 




Am2910/2910-1/2910A 


TABLE I. INSTRUCTIONS 


l3-l0 

MNEMONIC 

NAME 

REG/ 

CNTR 

CON¬ 

TENTS 

FAIL 

CCEN « LOW and CC = HIGH 

PASS 

CCEN « HIGH or CC = LOW 

REG/ 

CNTR 

ENABLE 

Y 

STACK 

Y 

STACK 

0 

JZ 

JUMP ZERO 

X 

0 

CLEAR 

0 

CLEAR 

HOLD 

PL 

1 

CJS 

COND JSB PL 

X 

PC 

HOLD 

D 

PUSH 

HOLD 

PL 

2 

JMAP 

JUMP MAP 

X 

D 

HOLD 

D 

HOLD 

HOLD 

MAP 

3 

CJP 

CONDJUMP PL 

X 

PC 

HOLD 

D 

HOLD 

HOLD 

PL 

4 

PUSH 

PUSH/COND LD CNTR 

X 

PC 

PUSH 

PC 

PUSH 

Note 1 

PL 

5 

JSRP 

COND JSB R/PL 

X 

R 

PUSH 

D 

PUSH 

HOLD 

PL 

6 

CJV 

• COND JUMP VECTOR 

X 

PC 

HOLD 

D 

HOLD 

HOLD 

VECT 

7 

JRP 

COND JUMP R/PL 

X 

R 

HOLD 

D 

HOLD 

HOLD 

PL 

8 

RFCT 

REPEAT LOOP, CNTR ^0 

#0 

F 

HOLD 

F 

HOLD 

DEC 

PL 

= 0 

PC 

POP 

PC 

POP 

HOLD 

PL 

9 

RPCT 

REPEAT PL, CNTR 

#0 

D 

HOLD 

D 

HOLD 

DEC 

PL 

= 0 

PC 

HOLD 

PC 

HOLD 

HOLD 

PL 

10 

CRTN 

COND RTN 

X 

PC 

HOLD 

F 

POP 

HOLD 

PL 

11 

CJPP 

COND JUMP PL & POP 

X 

PC 

HOLD 

D 

POP 

HOLD 

PL 

12 

LDCT 

LD CNTR & CONTINUE 

X 

PC 

HOLD 

PC 

HOLD 

LOAD 

PL 

13 

LOOP 

TEST END LOOP 

X 

F 

HOLD 

PC 

POP 

HOLD 

PL 

14 

CONT 

CONTINUE 

X 

PC 

_ 

HOLD 

PC 

HOLD 

HOLD 

PL 

15 

TWB 

THREE-WAY BRANCH 

#0 


HOLD 

PC 

POP 

DEC 

PL 

= 0 

D 

POP 

PC 

POP 

HOLD 

PL 


Notel: If CCEN = LOW and CC = HIGH, hold; else load. X = Don't Care 


TABLE II. PIN FUNCTIONS 


Abbreviation 

Name 

Function 

Di 

Direct Input Bit i 

Direct input to register/counter and multiplexer. Dq is LSB 

li 

Instruction Bit i 

Selects one-of-sixteen instructions for the Am2910 


Condition Code 

Used as test criterion. Pass test is a LOW on CC. 

CCEN- 

Condition Code Enable 

Whenever ^signal is HIGH, CC is ignored and the part operates 
as though CC were true (LOW). 

Cl 

Carry-In 

Low order carry input to incrementer for microprogram counter 

RLD 

Register Load 

When LOW forces loading of register/counter regardless of 
instruction or condition 

OE 

Output Enable 

Three-state control of Yj outputs 

CP 

Clock Pulse 

Triggers all internal state changes at LOW-to-HIGH edge 

vcc 

+5 Volts 


GND 

Ground 


Yi 

Microprogram Address Bit i 

Address to microprogram memory. Yq is LSB, Y-] i is MSB 

FULL 

Full 

Indicates that five items are on the stack 

PL 

Pipeline Address Enable 

Can select #1 source (usually Pipeline Register) as direct 
input source 

M^ 

Map Address Enable 

Can select #2 source (usually Mapping PROM or PLA) as 
direct input source 

VECT 

Vector Address Enable 

Can select #3 source (for example. Interrupt Starting Address) 
as direct input source 
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TEST OUTPUT LOAD CONFIGURATIONS FOR Am2910 


A. THREE-STATE OUTPUTS 


B. NORMAL OUTPUTS 




5.0 - Vbe - Vql 
lOL + Vol/1K 


5.0 - Vbe ~ ^OL 
lOL + V0L/R2 


Notes: 1. C|_ = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 

2. , S 2 , S 3 are closed during function tests and all AC tests except output enable tests. 

3. and S 3 are closed while S 2 is open for tpzn test, 
and S 2 are closed while S 3 is open for tpzL test. 

4. Cl = 5.0pF for output disable tests. 


TEST OUTUPT LOADS FOR Am2910 


Pin Label 

Test 

Circuit 

Rl 

R2 

Yo -11 

A 

300 

1K 

VECT 

B 

470 

1.5K 


B 

470 

1,5K 

MAP 

B 

470 

1.5K 

FULL 

B 

470 

1.5K 


For additional information on testing, see section 
“Guidelines on Testing Am2900 Family Devices.” 


Figure 2. Switching Waveforms. 


3.0V -- 

- 


ov . " ■' ——- ■ 




„,rv j 


L 


INPUT 
^ TO 

CLOCK OUTPUT 

TO DELAY 



“ OUTPUT “ 

DELAY 

\\xxxXxxXxXxXXxxxXXxxXX/7 



See Tables A for ts and th for various 
inputs. See Tables B for combinational 
delays from clock and other inputs to 
outputs. See Figure 5 for timing of a 
typical ecu cycle. 
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Figure 3. Typical Bipolar Microcomputer Using Am2910. 
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0 JUMP ZERO (JZ) 


1 COND JSB PL (CJS) 


2 JUMP MAP (JMAP) 



52 

53 


1 


COND JSB R/PL (JSRP) 


90 

91 





11 COND JUMP PL & POP (CJPP) 


12 LD CNTR & CONTINUE (LDCT) 



14 CONTINUE (CONT) 


15 



THREE-WAY BRANCH (TWB) 


50 

51 

52 

53 


62 

63 

64 

65 

66 



STACK 

(PUSH) 

REGISTER/ 

COUNTER 

72 

73 


50 

51 

52 

53 

54 

55 



90 

91 

92 

93 

94 

95 

96 

97 


13 TEST END LOOP (LOOP) 



STACK 

(PUSH) 


MPR-111 


Figure 4. Am29t0 Execution Examples. 
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THE Am2910 INSTRUCTION SET 

The Am2910 provides 16 instructions which select the address 
of the next microinstruction to be executed. Four of the in¬ 
structions are unconditional — their effect depends only on 
the instruction. Ten of the instructions have an effect which is 
partially controlled by an external, data-dependent condition. 
Three of the instructions have an effect which is partially con¬ 
trolled by the contents of the internal register/counter. The 
instruction set is shown in Table I. In this discussion i.t is 
assumed that Cj is tied, HIGH. 

In the ten conditional instructions, the result of the data- 
dependent test is applied to CC. If the CC input is LOW, the 
test is considered to have been passed, and the action speci¬ 
fied in the name occurs; otherwise, the test has failed and an 
alternate (often simply the execution of the next sequential 
microinstruction) occurs. Testing of CC may be disabled for a 
specific microinstruction by setting CCEN HIGH, which uncon¬ 
ditionally forces the action specifi ed in t he name; that is, it 
forces a pass. Other ways of using CCEN include (1) tying it 
HIGH, which is useful if no microinstruction is data-dependent; 
(2) tying it LOW if data-dependent instructions are never forced 
unconditionally; or (3) tying it to the source of Am2910 
instruction bit Iq, which leaves instructions 4, 6, and 10 as 
data-dependent but makes others unconditional. All of these 
tricks save one bit of microcode width. 

The effect of three instructions depends on the contents of the 
register/counter. Unless the counter holds a value of zero, it 
is decremented; if it does hold zero, it is held and a different 
microprogram next address is selected. These Instructions are 
useful for executing a microinstruction loop a known number 
of times. Instruction 15 is affected both by the external con¬ 
dition code and the internal register/counter. 

Perhaps the best technique for understanding the Am2910 is 
to simply take each instruction and review its operation. In 
order to provide some feel for the actual execution of these 
instructions. Figure 4 is included and depicts examples of all 
16 instructions. 

The examples given in Figure 4 should be interpreted in the 
following manner: The intent is to show microprogram flow 
as various microprogram memory words are executed. For 
example, the CONTINUE instruction, instruction number 14, 
as shown in Figure 4, simply means that the contents of micro¬ 
program rhemory word 50 is executed, then the contents of 
word 51 is executed. This is followed by the contents of micro¬ 
program memory word ,52 and the contents of microprogram 
memory word 53. The microprogram addresses used in the 
examples were arbitrarily chosen and have no meaning other 
than to show instruction flow. The exception to this is the 
first example, JUMP ZERO, which forces the microprogram 
location counter to address ZERO. Each dot refers to the time 
that the contents of the microprogram memory word is in 
the pipeline register. While no special symbology is used for 
the conditional instructions, the text to follow will explain 
what the conditional choices are in each example. 

It might be appropriate at this time to mention that AMD has 
a microprogram assembler called AMDASM, which has the 
capability of using the Am2910 Instructions in symbolic repre¬ 
sentation. AMDASM's Am2910 instruction symbolics (or mne¬ 
monics) are given in Figure 4 for each instruction and are also 
shown in Table I. 

Instruction 0, JZ (JUMP and ZERO, or RESET) uncondi¬ 
tionally specifies that the address of the next microinstruction 
is zero. Many designs use this feature for power-up sequences 


and provide the power-up firmware beginning at microprogram 
memory word location 0. 

Instruction 1 is a CONDITIONAL JUMP-TO-SUBROUTINE 
via the address provided in the pipeline register. As shown in 
Figure 4, the machine might have executed words at address 
50, 51, and 52. When the contents of address 52 is in the pipe¬ 
line register, the next address control function is the CONDI¬ 
TIONAL JUMP-TO-SUBROUTINE. Here, if the test is passed, 
the next instruction executed will be the contents of micro¬ 
program memory location 90, If the test has failed, the JUMP- 
TO-SUBROUTINE will not be executed; the contents of micro¬ 
program memory location 53 will be executed instead. Thus., 
the CONDITIONAL JUMP-TO-SUBROUTINE instruction at 
location 52 will cause the instruction either in location 90 or 
in location 53 to be executed next. If the TEST input is such 
that location 90 is selected, value 53 will be pushed onto the 
internal stack. This provides the return linkage for the machine 
when the subroutine beginning at location 90 is completed. 
In this example, the subroutine was completed at location 93 
and a RETURN-FROM-SUBROUTINE would be found at 
location 93. 

Instruction 2 is the JUMP MAP instr uctio n. This is an uncondi¬ 
tional instruction which causes the MAP output to be enabled 
so that the next microinstruction location is determined by 
the address supplied via the mapping PROMs, Normally, the 
JUMP MAP instruction is used at the end of the instruction 
fetch sequence for the machine. In the example of Figure 4, 
microinstructions at locations 50, 51, 52, and 53 might have 
been the fetch sequence and at its completion at location 53, 
the jump map funcjion would be contained in the pipeline 
register. This example shows the mapping PROM outputs to 
be 90; therefore, an unconditional jump to microprogram 
memory address 90 is performed. 

Instruction 3, CONDITIONAL JUMP PIPELINE, derives its 
branch address from the pipeline register branch address value 
(BRq — BR'i'i in Figure 2). This instruction provides a tech¬ 
nique for branching to various microprogram sequences de¬ 
pending upon the test condition inputs. Quite often, state 
machines are designed which simply execute tests on various 
inputs waiting for the condition to come true. When the true 
condition is reached, the machine then branches and executes 
a set of microinstructions to perform some function. This 
usually has the effect of resetting the input being tested until 
some point in the future. Figure 4 shows the conditional jump 
via the pipeline register address at location 52. When the con¬ 
tents of microprogram memory word 52 are in the pipeline 
register, the next address will be either location 53 or location 
30 In this example. If the test is passed, the value currently in 
the pipeline register (30) will be selected. If the test fails, the 
next address selected will be contained in the microprogram 
counter which, in this example, is 53. 

Instruction 4 Is the PUSH/CONDITIONAL LOAD COUNTER 
instruction and is used primarily for setting up loops in micro¬ 
program firmware. In Figure 4, when instruction 52 Is in the 
pipeline register, a PUSH will be made onto the stack and the 
counter will be loaded based on the condition. When a PUSH 
occurs, the value pushed is always the next sequential instruc¬ 
tion address. In this case, the address is 53. If the test fails, the 
counter Is not loaded; if it is passed, the counter is loaded with 
the v.alue contained in the pipeline register branch address field. 
Thus, a single microinstruction can be used to set up a loop to 
be executed a specific nurhber of times. Instruction 8 will 
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describe how to use the pushed value and the register/counter 
for looping. 

Instruction 5 is a CONDITIONAL JUMP-TO-SUBROUTINE 
via the register/counter or the contents of the PIPELINE 
register. As shown in Figure 4, a PUSH is always performed 
and one of two subroutines executed. In this example, either 
the subroutine beginning at address 80 or the subroutine be¬ 
ginning at address 90 will be performed. A return-from-sub- 
routine (instruction number 10) returns the microprogram 
flow to address 55. In order for this microinstruction control 
sequence to operate correctly, both the next address fields of 
instruction 53 and the next address fields of instruction 54 
would have to contain the proper value. Let's assume that the 
branch address fields of instruction 53 contain the value 90 so 
that it will be in the Am2910 register/counter when the con¬ 
tents of address 54 are in the pipeline register. This requires 
that the instruction at address 53 load the register/counter. 
Now, during the execution of instruction 5 (at address 54), If 
the test failed, the contehts of the register (value = 90) will 
select the address of the next microinstruction. If the test 
input passes, the pipeline register contents (value. = 80) will 
determine the address of the next microinstruction. There¬ 
fore, this instruction provides the ability to select one of two 
subroutines to be executed based on a test condition. 
Instruction 6 Is a CONDITIONAL JUMP VECTOR instruction 
which provides the capability to take the branch address from 
a third source heretofore not discussed. In order f or this in¬ 
struction to be useful, the Am2910 output, VECT is used to 
control a three-state control input of a register, buffer, or 
PROM containing the next microprogram address. This in¬ 
struction provides one technique for performing interrupt type 
branching at the microprogram level. Since this instruction is 
conditional, a pass causes the next address to be taken from 
the vector source, while failure causes the next address to be 
taken from the microprogram counter. In the example of 
Figure 4, if the CONDITIONAL JUMP VECTOR instruction Is 
contained at location 52, execution will continue at vector 
address 20 if the CC input is LOW and the microinstruction at 
address 53 will be executed if the CC input is HIGH. 

Instruction 7 is a CONDITIONAL JUMP via the contents of 
the Am2910 REGISTER/COUNTER or the contents of the 
PIPELINE register. This instruction is very similar to instruc¬ 
tion 5; the conditional jump-to-subroutine via R or PL. The 
major difference between instruction 5 and instruction 7 is 
that no push onto the stack is performed with 7. Figure 4 
depicts this instruction as a branch to one of two locations 
depending on the test condition. The example assumes the 
pipeline register contains the value 70 when the contents of 
address 52 is being executed. As the contents of address 53 Is 
clocked into the pipeline register, the value 70 is loaded Into 
the register/counter in the Am2910. The value 80 is available 
when the contents of address 53 Is in the pipeline register. 
Thus, control Is transferred to either address 70 or address 80 
depending on the test condition. 

Instruction 8 Is the REPEAT LOOP, COUNTER ^ ZERO in¬ 
struction. Thi's microinstruction makes use of the decrementing 
capability of the register/counter. To be useful, some previous 
instruction, such as 4, must have loaded a count value into the 
register/counter. This instruction checks to see whether the 
register/counter contains a non-zero value. If so, the register/ 
counter is decremented, and the address of the next micro¬ 
instruction is taken from the top of the stack. If the register 
counter contains zero, the loop exit condition is occuring; 
control falls through to the next sequential microinstruction 


by selecting jdPC; the stack is POP'd by decrementing the stack 
pointer, but the contents of the top of the stack are thrown 
away. 

An example of the REPEAT LOOP, COUNTER ZERO in¬ 
struction Is shown In Figure 4. In this example, location 50 
most likely would contain a PUSH/CONDITIONAL LOAD 
COUNTER instruction which would have caused address 51 to 
be PUSHed on the stack and the counter to be loaded with the 
proper value for looping the desired number of times. 

In this example, since the loop test is made at the end of the 
Instructions to be repeated (microaddress 54), the proper 
value to be loaded by the instructions at address 50 Is one less 
than the desired number of passes through the loop. This 
method allows a loop to be executed 1 to 4096 times. If it Is 
desired to execute the loop from 0 to 4095 times, the firm¬ 
ware should be written to make the loop exit test immediately 
after loop entry . 

Single-microinstruction loops provide a highly efficient capa¬ 
bility for executing a specific microinstruction a fixed number 
of times. Examples include fixed rotates, byte swap, fixed 
point multiply, and fixed point divide. 

Instruction 9 is the REPEAT PIPELINE REGISTER, COUNT¬ 
ER 9^ ZERO instruction. This instruction is similar to instruc¬ 
tion 8 except that the branch address now comes from the 
pipeline register rather than the file. In some cases, this instruc¬ 
tion may be thought of as a one-word file extension; that is, 
by using this instruction, a loop with the counter can still be 
performed when subroutines are nested five deep. This instruc¬ 
tion's operation is very similar to that of instruction 8. The dif¬ 
ferences are that on this instruction, a failed test condition 
causes the source of the next microinstruction address to be 
the D Inputs; and, when the test condition is passed, this in¬ 
struction does not perform a POP because the stack is not 
being used. 

In the example of Figure 4, the REPEAT PIPELINE, COUNT¬ 
ER 9^ ZERO instruction is instruction 52 and is shown as a 
single microinstruction loop. The address in the pipeline reg¬ 
ister would be 52. Instruction 51 in this example could be the 
LOAD COUNTER AND CONTINUE instruction (number 12). 
While the example shows a single microinstruction loop, by 
simply changing the address in a pipeline register, multi- 
instruction loops can be performed in this manner for a fixed 
number of times as determined by the counter. 

Instruction 10 is the conditional RETURN-FROM-SUBROU- 
TINE instruction. As the name Implies, this instruction is used 
to branch from the subroutine back to the next microinstruc¬ 
tion address following the subroutine call. Since this instruc¬ 
tion is conditional, the return is performed only If the test is 
passed. If the test is failed, the next sequential microinstruction 
.Is performed. The example in Figure 4 depicts the use of the 
conditional RETURN-FROM-SUBROUTINE instruction in 
both the conditional and the unconditional modes. This exam¬ 
ple first shows a jump-to-subroutine at instruction location 52 
where control is transferred to location 90. At location 93, a 
conditional RETURN-FROM-SUBROUTINE instruction Is 
performed. If the test is passed, the stack is accessed and the 
program will transfer to the next instruction at address 53. If 
the test is failed, the next microinstruction at address 94 will 
be executed. The program will continue to address 97 where 
the subroutine is complete. To perform an unconditional 
RETURN-FROM-SUBROUTINE, the conditional RETURN- 
FROM-SUBROUTINE instruction is executed unconditionally; 
the microinstruction at address 97 is programmed to force 
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CCEN H IGH, disabling the test and the forced PASS causes an 

unconditional return. 

Instruction 11 is the CONDITIONAL JUMP PIPELINE register 
address and POP stack instruction. This instruction provides 
another technique for loop termination and stack maintenance. 
Jhe example in Figure 4 shows a toop being performed,from 
address 55 back to address 51. The instructions at locations 52, 
53, and 54 are all conditional JUMP and POP instructions. At 
address 52, if the CC input is LOW, a branch will be made 
to address 70 and the stack will be properly maintained via a 
POP. Should the test fail, the instruction at location 53 (the 
next sequential instruction) will be executed. Likewise, at 
address 53, either the instruction at 90, or 54 will be subse¬ 
quently executed, respective to the test being passed or failed. 
The instruction at 54 follows the same rules, going to either 80 
or 55. An instruction sequence as described here, using the 
CONDITIONAL JUMP PIPELINE and POP instruction, is very 
useful when several inputs are being tested and the micropro¬ 
gram is looping waiting for any of the Inputs being tested to 
occur before proceeding to another sequence of instructions. 
This provides the powerful jump-table programming technique 
at the firmware level. • 

Instruction 12 is the LOAD COUNTER AND CONTINUE in¬ 
struction, which simply enables the counter to be loaded with 
the value at its parallel inputs. These inputs are normally con¬ 
nected to the pipeline branch address field which (in the 
architecture being described here) serves to supply either a 
branch address or a counter value depending upon the micro¬ 
instruction being executed. There are altogether three ways of 
loading the counter -- the explicit load by this instruction 12; 
the conditi onal load included as part of instruction 4; and the 
usejaf the RLD input along with any instruction. The use of 
RLD with any instruction overrides any counting or decremen¬ 
tation specified in the instruction, calling for a load instead. Its 
use provides additional microinstruction power, at the expense 
of one bit of microinstruction width. This instruction 12 is 
exactly equivalent to the combination of instruction 14 and 
RLD LOW. Its purpose is to provide a simple capability to 
load the register/counter in those implementations which do 
not provide microprogrammed control for RLD. 

Instruction 13 is the TEST END-OF-LOOP instruction, which 
provides the capability of conditiorrally exiting a loop at the 
bottom; that is, this is a conditional instruction that will cause 
the microprogram to loop, via the file, if the test is failed 
else to continue to the next sequential instruction. The 
example in Figure 4 shows the TEST END-OF-LOOP iriicro- 
instruction at address 56. If the test fails, the microprogram 
wii! branch to address 52. Address 52 is on the stack because 
a PUSH instruction had been executed at address 51. If the 
test is passed at instruction 56, the loop is terminated and the 
next sequential microinstruction at address 57 is executed, 
which also causes the stack to be POP'd; thus, accomplishing 
the required stack maintenance. 


Instruction 14 is the CONTINUE instruction, which simply 
causes the microprogram counter to increment so that the next 
sequential microinstruction is executed. This is the simplest 
microinstruction of all and should be the default instruction 
which the firmware requests whenever there is nothing better 
to do. 

Instruction 15, THREE-WAY BRANCH, is the most complex. 
It provides for testing of both a data-dependent condition and 
the counter during one microinstruction and provides for se¬ 
lecting among one of three microinstruction addresses as the 
next microinstruction to be performed. Like instruction 8, a 
previous instruction will have loaded a count into the register/ 
counter while pushing a microbranch address onto the stack, 
Instruction 15 performs a decrement-and-branch-untll-zero 
function similar to instruction 8. The next address is taken 
from the top of the stack until the count reaches zero; then 
the next address comes from the pipeline register. The above 
action continues as long as the test condition falls. If at any 
execution of Instruction 15 the test condition is passed, no 
branch is taken; the microprogram counter register furnishes 
the next address. When the loop is ended, either by the count 
becoming zero, or by passing the conditional test, the stack is 
POP'd by decrementing the stack pointer, since interest in the 
value contained at the top of the stack is then complete. 

The application of instruction 15 can enhance performance 
of a variety of machine-level instructions. For instance, (1) a 
memory search instruction to be terminated either by finding 
a desired memory content or by reaching the search limit; 
(2) variable-fieid-length arithmetic terminated early upon 
finding that the content of the portion of the field still un¬ 
processed is all zeroes; (3) key search in a disc controller pro¬ 
cessing variable length records; (4) normalization of a floating 
point number. 

As one example, consider the case of a memory search instruc¬ 
tion. As shown in Figure 4, the instruction at microprogram 
address 63 can be Instruction 4 (PUSH), which will push the 
value 64 onto the microprogram stack and load the number N, 
which is one less than the number of memory locations to be 
searched before giving up. Location 64 contains a microin¬ 
struction vi/hich fetches the next operand from the memory 
area to be searched and compares it with the search key. Loca¬ 
tion 65 contains a microinstruction which tests the result of the 
comparison and also is a THREE-WAY BRANCH for micro¬ 
program control. If no match is found, the test fails and the 
microprogram goes back to location 64 for the next operand 
address. When the count becomes zero, the microprogram 
branches to location 72, which does whatever is necessary if 
no match is found. If a match occurs on any execution of the 
THREE-WAY BRANCH at location 65, control falls through 
to location 66 which handles this case. Whether the instruction 
ends by finding a match or not, the stack will have been POP'd 
once, removing the value 64 from the top of the stack. 
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OTHER ARCHITECTURES USING THE Am2910 

(Shading shows path{s) which usually limit, speed) 

Figure 6. 


A. Instruction Based 

MAP 


1 



A Register at the Microprogram Memory output contains the 
microinstruction being executed. The microprogram memory 
and Am2901 delay are in series. Conditional branches are exe¬ 
cuted on same cycle as the ALU operation generating the 
condition. 


MPR-114 


C. Data Based 


MAP 



The Status Register provides conditional Branch control based 
on results of previous ALU cycle. The Microprogram Memory 
and Am2901 are in series in the critical paths. 

MPR-116 


B. Addressed Based 


MAP 



The Register at the Am2910 output contains the address of 
the microinstruction being executed. The Microprogram Mem¬ 
ory and Am2901 are in series in the critical path. This archi¬ 
tecture provides about the same speed as the Instruction based 
architecture, but requires fewer register bits, since only the 
address (typically 10-12 bits) is stored instead of the instruc¬ 
tion (typically 40-60 bits). 

MPR-115 


D. Two Level Pipeline Based 


MAP 



Two level pipeline provides highest possible speed. It is more 
difficult to program because the selection of a microinstruction 
occurs two instructions ahead of its execution. 
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ARCHITECTURES USING THE Am2910 

(Shading shows path(s) which usually limit speed) 

Figure 5. 


One Level Pipeline Based 
(Recommended) 

MAP 



One level pipeline provides better speed than most other architectures. The Program Memory and the 
Am2901 array are In parallel speed paths Instead of in series. This is the recommended architecture for 
Am2900 designs. 

MPR-112 


■128 ns CYCLE TIME 


CLOCK 


PIPELINE Am2910 

REGISTER • INSTRUCTION 
OUTPUT INPUTS 


MUX ^ Am2910 

OUTPUT CC INPUT 


2910 OUTPUTS 


MICROPROGRAM 

MEMORY 

OUTPUTS 


\ 


\ 



15 ns 




-(CLOCK TO REGISTER OUTPUT) 



m 

/ 

^_ 



15 ns 

- (MUX SELECT TO OUTPUT) 




I— “jr-H 



5 ns 

REGISTER 

SET-UP 

TIME 


Typical ecu Cycle Timing Waveforms. 

This drawing shows the timing relationships in the CCU illustrated above. 
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Am2910 HIGH SPEED APPLICATION 

Optimal Am2910 configurations can support high speed bit slice 
designs. When used with high speed registers and PROMs’, the 
Am2910-1/Am2910A can execute simple instructions in 100ns. 

The following figure illustrates the usual critical path in the 
sequencer. 


Timing on the critical paths becomes 


Device 

Path 

Delay 

Status Register 

ClockOutput 

12 ns 

Fast MUX 

Select-> Output 

20 ns 

Am2910-1/Am2910A 

CC-^ Y 

30ns 

Fast PROM 

Addr-> Output 

35ns 

Pipeline Register 

Setup 

5ns 

102 ns 


All delay times are worst case times in ns. 


The following gives one suggested parts configuration to meet 
this design criterion. 


Status Register 

MUX 

PROM 

Pipeline Register 


Am29825 

Am2922 

Am27S35 

Am2918 


One Level Pipeline Based 
(Recommended) 


MAP 



STATUS 

REOtSTER 






Am2912 

Quad Bus Transceiver 


Distinctive Characteristics 

• Input to bus is inverting 

• Quad high-speed open collector bus transceiver 

• Driver outputs can sink 100mA at 0.8V maximum 

• Bus compatible with Am2905, Am2906, Am2907 


• Advanced Schottky processing 

• PNP inputs to reduce input loading 


FUNCTIONAL DESCRIPTION 

The Am2912 is a quad Bus Transceiver consisting of four high¬ 
speed bus drivers with open-collector outputs capable of sinking 
lOOmA at 0.8 volts and four high-speed bus receivers. Each 
driver output is connected internally to the high-speed bus re¬ 
ceiver in addition to being connected to the package pin. The 
receiver has a Schottky TTL output capable of driving 10 
Schottky TTL unit loads. 

An active LOW enable gate controls the four drivers so that 
outputs of different device drivers can be connected together for 
party-line operation. The enable input can be conveniently driven 
by active LOW decoders such as the Am25LS139. 

The bus output high-drive capability in the LOW state allows 
party-line operation with a line impedance as low as 100ft. The 
line can be terminated at both ends, and still give considerable 
noise margin at the receiver. The receiver typical switching point. 
is 2.0 volts. 

The Am2912 features advanced Schottky processing to 
minimize propagation delay. The device package also has two 
ground pins to improve ground current handling and allow close 
decoupling between Vcc and ground^ at the package. Both 
GND-i and GND 2 should be tied to the ground bus external to the 
device package. 


CONNECTION DIAGRAM 
Top View 


Vcc 63 ^3 I3 ^ I2 Zj 


16 15 14 13 12 11 10 9 


2 3 4 5 6 7 


GNDi Zq Iq h Zi Bi GNDj 



Note: Pin 1 is marked for orientation. 










MAXIMUM RATINGS (Above which the useful life may be impaired) 

Am2912 

Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential 

-0.5 V to +7V 

DC Voltage Applied to Outputs for High Output State 

-0.5V to +Vcc niax. 

DC Input Voltage 

-0.5V to +5.5V 

Output Current, Into Bus 

200 mA 

Output Current, Into Outputs (Except Bus) 

30 mA 

DC Input Current 

—30 mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 

Am2912PC, DC, XC = 0°C to +70°C Vcq = 5.0 V ± 5% (COM'L) MIN. = 4.75V MAX. = 5.25V 

Am2912DM, FM, XM =-55°C to+125°C Vqc = 5 0'' ± 10% (M* *-) MIN. “ 4.5V MAX. = 5.5V 


Parameters 

Description 

Test Conditions (Note 1 ) 


Min. 

Typ. 

(Note 2) 

Max. 

Units 

Vqh 

Output HIGH Voltage 

Vcc = min., Iqh = -1-OmA 

MIL 

2.5 

3.4 


Volts 

(Receiver Outputs) 

V|N = V||_or V|H 

COM'L 

2.7 

3.4 


Vql 

Output LOW Voltage 
(Receiver Outputs) 

Vcc = min., Iql = 20mA 

V|N = Vn_orV|H 



0.5 

Volts 

V|H 

Input HIGH Level , 

(Except Bus) 

Guaranteed input logical HIGH 
for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 
(Except Bus) 

Guaranteed input logical LOW 
for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 
(Except Bus) 

Vqc ~ MIN., I||\| = —18mA 



-1.2 

Volts 

•iL 

Input LOW Current 

Vcc = MAX., Vjisj =0.4V 

Enable 



-0.36 

mA 

(Except Bus) 

Data 



-0.54 

•iH 

Input HIGH Current 

Vcc = max., V||si = 2.7V 

Enable 



20 

mA 

(Except Bus) 

Data 



30 

•l 

Input HIGH Current 
(Except Bus) 

Vcc = max., V|N = 5.5V 



100 

mA 

•sc 

Output Short Circuit Current 

Vcc = max. (Note 3) 

MIL 

-20 


-55 

mA 

(Except Bus) 

COM'L 

-18 


-60 

'CCL 

Power Supply Current 
(All Bus Outputs LOW) 

Vcc = max. 

Enable = GND 


45 

70 

mA 


Bus Input/Output Characteristics 


Typ. 


Parameters 

Description 

Test Conditions (Note i) 

Min. 

(Note 2) 

Max. 

Units 





•OL ~ 40mA 


0.33 

0.5 





MIL 

Iql ~ 70mA 


0.42 

0.7 


_i 

o 

> 

Output LOW Voltage 

Vcc = min. 


•OL “ 100mA 


0.51 

0.8 

Volts 


•OL ~ 40mA 


0.33 

0.5 




COM'L 

•OL “ 70mA 


0.42 

0.7 






•OL ~ 100mA 


0.51 

0.8 






Vq = 0.8V 



-50 


•o 

Bus Leakage Current 

Vcc = max. 

MIL 

Vq = 4.5V 



200 

mA 




COM'L 

Vo = 4.5V 



100 


•off 

Bus Leakage Current (Power Off) 

1 Vo = 4.5V 



100 

mA 

Vth 

Receiver Input HIGH Threshold 

1 Bus Enable = 2.4V 

MIL 

‘2.4 

2.0 


Volts 

Vcc = max 


COM'L 

2.25 

2.0 


Vtl 

Receiver Input LOW Threshold 

1 Bus Enable = 2.4V 

MIL 


2.0 

1.6 

Volts 

1 Vcc = min 


COM'L 


2.0 

1.75 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0 V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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SWITCHING CHARACTERISTICS (T^ = 25°C, Vcc = 5 OV) 


Parameters_Description _ Test Conditions_ Min_Typ ^ Max Units 


tpLH 

Data Input to Bus 

Rb = son 

Cb = SOpF (Note 1) 


10 

15 

ns 

tpHL 


10 

IS 

tpLH 

Enable Input to Bus 


14 

18 

n^ 

tpHL 


13 

18 

tpLH 

Bus to Receiver Out 

Rb = son, Rl = 28on 

Cb = SOpF (Note 1), Cl = lSpF 


10 

15 

ns 

tpHL 


10 

15 

tr 

Bus 

Rb = son 

Cb = SOpF (Note 1) 

4.0 

10 


ns 

tf 

Bus 

2.0 

4.0 


ns 


Note 1. Includes probe and jig capacitance. 



TRUTH TABLE 

Inputs Outputs 



E 1 

B Z 



L L 

L H 

H X 

H L 

L H 

Y Y 


H = 

L = 

X = 

Y = 

HIGH Voltage Level 

LOW Voltage Level 

Don't Care 

Voltage Level of Bus (Assumes Control by 

Another Bus Transceiver) 

ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

Order Package Type 

Operating Range 

Screening Level 

Number 

(Note 1) 

(Note 2) 

(Note 3) 

AM2912PC 

P-16-1 

C 

C-1 

AM2912DC 

D-16-1 

C 

C-1 

AM2912DC-B 

D-16-1 

C 

B-1 

AM2912DM 

D-16-1 

M 

C-3 

AM2912DM-B 

D-16-1 

M 

B-3 

AM2912FM 

F-16-1 

M 

C-3 

AM2912FM-B 

F-16-1 

M 

B-3 

AM2912XC 

Dice 

C 

"j Visual inspection 

V to MIL-STD-883 

AM2912XM 

Dice 

M 

j Method 2010B. 

Notes: 

1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. Where Appendix B 

contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C = 0 to 70°C, Vcc = 4.75V to 5.25V, M = -55 to + 125°C, Vqc = 

4.50V to 5.50V. 

■ 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 







Vql - BUS OUTPUT VOLTAGE - VOLTS 






















Am2912 


SWITCHING CHARACTERISTICS 


TEST CIRCUIT 


'^cc 



BL1-067 


Note 1. Includes Probe and Jig Capacitance. 


WAVEFORMS 


I INPUT 


E INPUT 


B TEST POINT 


Z TEST POINT 
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Am2913 

Priority Interrupt Expander 


Distinctive Characteristics 

• Encodes eight lines to three-line binary • Gated three-state output 

• Expands use of Am2914 • Advanced Low-Power Schottky processing 

• Cascadable 

• Similar in function to Am54LS/74LS/25LS148/2513 


FUNCTIONAL DESCRIPTION 


LOGIC SYMBOL 


The Low-Power Schottky Priority Interrupt Expander is an 
extention of the Am2900 series of Bipolar Processor family 
and is used to expand and prioritize the output of the Am2914 
Priority Interrupt circuit. Affording an increase of vectored 
priority interrupt in groups of eight, this unit accepts active 
LOW inputs and produces a ^ree-state active HIGH output 
prioritized from active I 7 to Iq. The output is gated by five 
control signals, three active LOW and two active HIGH, Also 
provided is a cascade input (El) and Enable Output (EO). 

One Am2913 will accept and encode group signal lines from up 
to 8 Am2914's (64 levels of Interrupt). Additional Am2913's 
may be used to encode more interrupt levels. 


18 15 16 17 1 2 3 4 5 



LOGIC DIAGRAM 

^0 '1 '2 T '4 '5 'e '7 



RELATED PRODUCTS 


CONNECTION DIAGRAMS - Top Views 


Part No. Description 

Am2914 Vectored Priority Interrupt Controller 

Am25LS2513 8 to 3 Line Priority Encoder 


P-20, D-20 Leadless Chip Carrier 



F-20 pin configuration identical to D-20, P-20. 
MPR-120 Note: Pin 1 is marked for orientation. 
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ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

CQM'L Ta = 0°c to+70°C Vcc = 5.0V±5% MIN.=4.75V MAX. = 5.25V 

MIL Ta =-55°C to+125°C V^c = 5.0V ±10% MIN. = 4.50V MAX. = B.BOV 

DC CHARACTERISTICS OVER OPERATING RANGE 

Typ. 


Parameters 

Description 

Test Conditions (Note i) 


Min. 

(Note 2) 

Max. 

Units 




MIL, IqH 

2.4 

3.4 



VOH 

Output HIGH Voltage 

Vcc ~ min. 

COM'L, Iqh =-2.6mA 

2.4 

3.2 

- 

Volts 

V|N = VjH or V|L 

EO, Iqh “ -440mA 

MIL 

2.5 

3.4 





COM'L 

2.7 

3.4 





Vcc “MIN. 

V|N = V|H or V,L 

lOL = 4.0mA 



0.4 


VOL 

Output LOW Voltage 

lOL ^ 8.0mA 



0.45 

Volts 



lOL =‘l2mA{An Outputs) 



0.5 


V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V,L 

Input LOW Level 

Guaranteed input logical LOW 

MIL 



0.7 

Volts 

voltage for all inputs 


COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc = MIN., I|N = - 

-18 mA 




-1.5 

Volts 

»IL 

Input LOW Current 

Vcc = max. 

EI,Gi ,G2,G3,G4,G5 ,Io 



0.4 

mA 

V|N =0.4V 

All others 



0.8 

hH 

Input HIGH Current 

Vcc = max. 

EI,Gi ,G2,G3,G4,G5 ,To 



20 

fiA 

Vim = 2.7v 

All others 



40 


Input HIGH Current 

Vcc = max. 

ELG-i ,G2,G3,G4,G5 ,Io 



0.1 

mA 

V|(y| =7.0V 

All others 



0.2 

•o 

Off-State (High-Impedance) 

Vcc = max. 

Vq = 0.4V 



-20 

mA 

Output Current 

Vq = 2.4V 



20 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-85 

mA 

•cc 

Power Supply Current 
(Note 4) 

Vcc = max. 


15 

24 

mA 


Notes; 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applipable device type. 

2. Typical limits are at Vqq = 5.0 V, 25 C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. All inputs and outputs open. 


ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 


Order Number 

Package Type 

(Note 1) 

Operating Range 

(Note 2) 

Screening Level 

(Note 3) 

AM2913PC 

P-20 

C 

C-1 

AM2913DC 

D-20 

C 

C-1 

AM2913DC-B 

D-20 

C 

B-1 

AM2913DM 

D-20 

M 

C-3 

AM2913DM-B 

D-20 

M 

B-3 

AM2913FM 

F-20 

M 

C-3 

AM2913FM-B 

F-20 

M 

B-3 

AM2913LC 

L-20-1 

C 

C-1 

AM2913LC-B 

L-20-1 

C 

B-1 

AM2913LM 

L-20-1 

M 

C-3 

AM2913LM-B 

L-20-1 

M 

B-3 

AM2913XC 

Dice 

C 

\ Visual inspection 

AM2913XM 

Dice 

M 

J to MIL-STD-883. 

) Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, L = Chip-Pak, F = Flat-Pak. Number following letter is number of leads. 

See Appendix B for detailed outline. Where Appendix B contains several dash numbers, any of the variations of 
the package may be used unless otherwise specified. 

2. C = 0 to +70°C, Vcc = 4.75 to 5.25V, M = -55 to + 125°C, Vcc = 4.50 to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 
conforms to MIL-STD-883, Class B. 


5-146 






Am2913 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


-65°Cto+150°C 

Temperature (Ambient) Under Bias 


-55°Cto+125°C 

Supply Voltage to Ground Potential Continuous 


-0.5 V to +7.0V 

DC Voltage Applied to Outputs for High Output State 


—0.5 V to +Vcc niax. 

DC Input Voltage 


-0.5 V to +7.0 V 

DC Output Current, Into Outputs 


30 mA 

DC Input Current 


-30 mA to +5.0 m A 


SWITCHING CHARACTERISTICS 

(Ta = +25°C, VcC = 5.0V) 

Parameters Description Min. Typ.’ Max. Units Test Conditions 


tpLH 

Ij to An (In-phase) 


17 

25 

ns 


'PHL 


17 

25 


<PLH 

Ij to An (Out-phase) 


11 

17 

ns 


<PHL 


12 

18 


«PLH 

Tjto EO 


7.0 

11 

ns 


tPHL 


24 

36 


tPLH 

n to EO 


11 

17 

ns 

Cl= 15pF 

tPHL 


23 

34 

Rl = 2.0k£7 

tpLH 

El to An 


12 

18 

ns 


tPHL 


14 

21 


tZH 

Gi or G 2 to An 


23 

40 

ns. 


tZL 


20 

37 


tZH 

G 3 , G 4 , G 5 to An 


20 

30 



tZL 


18 

27 

ns 


tHZ 

Gi or G 2 to An 


17 

27 

ns 


tLZ 


19 

28 

Cl = 5.0pF 

th+Z 

G 3 , G 4 ,G 5 toAn 


16 

24 

ns 

RL = 2.0kl2 

tLZ 


18 

27 



SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

Am2913COM'L 

Am2913MIL 

Units Test Conditions 

Ta = 0°C to +70°C 
Vcc = 5.0V ±5% 

Min. Max. 

TA = -55°Cto+125°C 
Vcc = 5.0V ±10% 

Min. Max. 

tPLH 

Ij to An (In-phase) 


31 


37 

ns 

Cl = 50pF 

Rl_ = 2.0kn 

tpHL 


30 


34 

tpLH 

Ij to An (Out-phase) 


22 


27 

ns 

tPHL 


22 


25 

tPLH 

Ti to EO 


15 


18 

ns 

tPHL 


48 


60 

tPLH 

El to EO 


19 


21 

ns 

tPHL 


•46 


57 

tpLH 

El to An 


22 


25 

ns 

tPHL 


27 


32 

tZH 

G-j or G 2 to An 


42 


49 

ns 

tZL 


43 


.49 

tZH 

G 3 - G 4 , Gg to An 


36 


43 

ns 

tZL 


35 


43 

tHZ 

G-j or G 2 to An 


34 


40 

ns 

Cl = B.OpF 

Rl = 2.0kn 

tLZ 


34 


40 

tHZ 

G 3 , G 4 , Gg to An 


30 


35 

ns 

tLZ 


31 


35 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Note: i = 0 to 7 
n = 0 to 2 
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DEFINmONS OF FUNCTIONAL TERMS 


A1, A2 
El 

io 

0 - 1,02 __ 
G 3 , G 4 , G 5 
'0-7 


Three-state, active high encoder outputs 
Enable input provided to allow cascaded oper¬ 
ation 

Enable output provided to enable the next lower 
order pdorlty chip 

Active high three-state output controls 
Active low three-state output controls 
Active low encoder inputs 


TRUTH TABLE 


inputs I 

Outputs 

11 

Io 

Ti 

h 

I3 

T4 

Is 

Is 

I7 

Ao 

Ai 

A2 

lb 

H 

X 

X 

X 

X 

X 

X 

X 

X 

L 

L 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

X 

X 

X 

X 

X 

X 

X 

L 

H 

H 

H 

H 

L 

X 

X 

X 

X 

X 

X 

L 

H 

L 

H 

H 

H 

L 

X 

X 

X 

X 

X 

L 

H 

H 

H 

L 

H 

H 

L 

X 

X 

X 

X 

L 

H 

H 

H 

L 

L 

H 

H 

U 

X 

X 

X 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

X 

X 

L 

H 

H 

H 

H 

H 

L 

H 

L 

H 

L 

X 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

L 

L 

H 

H 

H 

H 

H 

H 

Hj 

L 

L 

L 

H 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

For G-] = H, G2 ~ H, G3 = L, G4, = L, Gg = L 


METALLIZATION AND PAD LAYOUT 



G1 G2 G3 G4 G5 

Aq Ai Aj 

H H L L L 

L X X X X 

X L X X X 

X X H X X 

X X X H X • 

X X X X H 

Enabled 

z z z 

z z z 

z z z 

z z z 

z z z 


Z = HIGH Impedance 


DIE SIZE 0.082” X 0.085” 


LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 
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Am2914 

Vectored Priority Interrupt Controller 


DISTINCTIVE CHARACTERISTICS 

• Accepts 8 interrupt inputs 

Interrupts may be pulses or levels and are stored internally 

• Built-in mask register 

Six different operations can be performed on mask 
register 

• Built-in status register 

Status register holds code for lowest allowed interrupt 

• Vectored output 

Output is binary code for highest priority un-masked 
interrupt 

• Expandable 

Any number of Am2914's may be stacked for large inter¬ 
rupt systems 

• Microprogrammable 

Executes, 16 different microinstructions 

Instruction enable pin aids in vertical microprogramming 

• High-speed operation 

Delay from an interrupt clocked into the interrupt register 
to interrupt request output is typically 60ns 


RELATED PRODUCTS 


Part No. 

Description 

Am2902A 

Carry Look-ahead Generator 

Am2913 

Priority Interrupt Expander 

Am25LS138 

3-to-8 Decoder 

Am27S19 

Mapping PROM 


TABLE OF CONTENTS 


FUNCTIONAL DESCRIPTION 

The Am2914 is a high-speed, eight-bit priority interrupt unit 
that is cascadable to handle any number of priority interrupt 
request levels. The high-speed of the Am2914 makes it ideal 
for use in Am2900 family microcomputer designs, but it can 
also be used with the Am9080A MOS microprocessor. 

The Am2914 receives interrupt requests on 8 interrupt input 
lines (Pq-P?)- A LOW level is a request. An internal latch may 
be used to catch pulses on these lines, or the latch may be 
bypassed so the request lines drive the edge-triggered interrupt 
register directly. An 8 -bit mask register is used to mask indi¬ 
vidual interrupts. Considerable flexibility is provided for 
controlling the mask register. Requests in the interrupt register 
are ANDed with the corresponding bits in the mask register 
and the results are sent to an 8 -input priority encoder, which 
produces a three bit encoded vector representing the highest 
numbered input which is not masked. 

An internal status register is used to point to the lowest 
priority at which an interrupt will be accepted. The contents 
of the status register are compared with the output of the 
priority encoder, and an interrupt request output will occur 
if the vector is greater than or equal to status. Whenever a 
vector is read from the Am2914 the status register is auto¬ 
matically updated to point to one level higher than the vector 
read. (The status register can be loaded externally or read out 
at any time using the S pins.) Signals are provided for moving 
the status upward across devices (Group Advance Send and 
Group Advance Receive) and for inhibiting lower priorities 
from higher order devices (Ripple Disable, Parallel Disable, and 
Interrupt Disable). A status overflow output indicates that 
an interrupt has been read at the highest priority. 

The Am2914 is controlled by a 4-bit instruction field I 0 -I 3 . 
The command on the instruction lines is executed if IE is LOW 
and is ignored if IE is HIGH, allowing the 4 I bits to be shared 
with other devices. 


LOGIC SYMBOL 


Block Diagram —. 5-151 

Block Diagram Description. 5-151 

Connection Diagrams.5-152 

Ordering Information.. .... 5-152 

Standard Screening . 5-153 

Microinstruction Set for Am2914 Priority 

Interrupt Circuit . ..5-153 

Electrical Characteristics .5-154 

Switching Characteristics. 5-155 

Burn-in Circuit. 5-157 

Input/Output Circuits. .5-157 

Test Output Load Configurations .. 5-158 

A Microprogrammable, Bipolar, LSI Interrupt 

Structure Using the Am2914. 5-159 

Am2914 Priority Interrupt Encoder 
Detailed Logic Description. .5-176 


For applications information, see Chapter VI of Bit Slice Micro¬ 
processor Design, Mick & Brick, McGraw Hill Publications. 
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GROUP 

INTERRUPT 

P7 



P6 

P5 

SEND 

GROUP 

SIGNAL 

P4 

INTERRUPT 

( V2 

P3 

INPUTS 

P2 

Pi 


VECTOR ) V, 
OUT 1 ’ 

PO 


{ Vq 

LATCH 



OVERFLOW 

My 



Me 


1 $2 

Me 

MASK Am2914 I 

M3 

BITS 


M2 


( So 

Ml 



Mo 



1 INSTRUCTION 

GROUP 

ENABLE 

ENABLE 

I3 






'T 


REQUEST 

to 

GROUP 


^CLOCK ADVANCE 

RIPPLE PARALLEL ( 

L- 

RECEIVE 

DISABLE DISABLE 


rT~T 
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BLOCK DIAGRAM 


INTERRUPT I >— 

INPUTS — ' 



INSTRUCTION | ^ 

INPUTS 


PIN SYMBOLS 


-O- 


OUTPUT PIN 
BIDIRECTIONAL 


r rrx OPEN COLLECTOR 
LiL/ OUTPUT 


r Tr\ THREE STATE 
Li/ OUTPUT 


MPR-124 


BLOCK DIAGRAM DESCRIPTION 

The Microinstruction Decode circuitry decodes the Interrupt 
Microinstructions and generates required control signals for 
the chip. 

The Interrupt Register holds the Interrupt Inputs and is an 
eight-bit, edge-triggered register which is set on the rising edge 
of the CP Clock signal. 

The Interrupt latches are set/reset-type latches. When the 
Latch Bypass signal is LOW, the latches are enabled and act 
as negative pulse catchers on the inputs to the Interrupt 
Register. When the Latch Bypass signal is HIGH, the Interrupt 
latches are transparent. 

The Mask Register holds the eight mask bits associated with 
the eight interrupt levels. The register may be loaded from 
or read to the M Bus, Also, the entire register or individual 
mask bits may be set or cleared. 

The Interrupt Detect circuitry detects the presence of any 
unmasked Interrupt Input. The eight-input Priority Encoder 
determines the highest priority, non-masked Interrupt Input 
and forms a binary coded interrupt vector. Following a Vector 
Read, the three-bit Vector Hold Register holds the binary 
coded interrupt vector. This stored vector is used for clearing 
interrupts. 

The three-bit Status Register holds the status bits and may 
be loaded from or read to the S Bus. During a Vector Read, 
the Incrementer increments the interrupt vector by one, and 
the result is clocked into the Status Register. Thus the Status 


Register always points to the lowest level at which an interrupt 
will be accepted. 

The three-bit Comparator compares the Interrupt Vector with 
the contents of the Status Register and indicates if the Inter¬ 
rupt Vector is greater than or equal to the contents of the 
Status Register. 

The Lowest Group Enabled Flip-Flop is used when a number 
of 2914's are cascaded. In a cascaded system, only one Lowest 
Group Enabled Flip-Flop is LOW at a time. It indicates the 
eight interrupt group, which contains the lowest priority 
interrupt level which will be accepted and is used to form the 
higher order status bits. 

The Interrupt Request and Group Enable logic contain various 
gating to generate the Interrupt Request, Parallel Disable, 
Ripple Disable, and Group Advance Send signals. 

The Status Overflow signal is used to disable all interrupts. It 
indicates the highest priority interrupt vector has been read 
and the Status Register has overflowed. 

The Clear Control logic generates the eight individual clear 
signals for the bits in the Interrupt Latches and Register. The 
Vector Clear Enable Flip-Flop indicates if the last vector read 
was from this group. When it is set, it enables the Clear 
Control Logic. 

The CP clock signal is used to clock the Interrupt Register, 
Mask Register, Status Register, Vector Hold Register, and the 
Lowest Group Enabled, Vector Clear Enable and Status 
Overflow Flip-Flops, all on the clock LOW-to-HIGH transition. 
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MsH. 2 

GROUP SIGNAL 3 

GROUP ADVANCE I- . 

RECEIVE I- 

GROUP ENABLE 5 

INTERRUPT 
DISABLE 
RIPPLE DISABLE 

PARALLEL 
DISABLE 
interrupt! 9 

Rcni lecT ■— 


STATUS I- 

OVERFLOW I- 

GROUP ADVANCE J~ 



CONNECTION DIAGRAMS - Top Views 


F-42-1 



1 • 42 




GND*| 

2 41 


Gs: I 

3 40 


GAR I 

4 39 


G.E. I 

5 38 


' D. L.. 

6 37 


R.D. I 

7 36 


P.D. I 

8 35 


rw. L_. 

9 34 


vcc I 

Am2914 


S2|_ 

11 32 


Si I 

12 31 


Sol 

13 30 


__ 1 

14 29 


G^ 1 

15 28 


__ 

16 27 


Vi 1 

17 26 


Vo 1 

18 26 


GNO* 1 

19 24 


M7 I 

20 Actual Size 23 


P? L 

21 1.1” X 0.6" 22 





P3 

M2 

P 2 

Ml 

Pi 

Mo 

PO 

il 

'3 

'2 

h 

QNO* 


Me 

MPR-125 MPR-126 

*Note; GND's and pins 2, 19, 31 nnust all be tied together externally. 
Note: Pin 1 is marked for orientation. 


ORDERING INFORMATION 

Order the part number according to the table below to obtain 
the desired package, temperature range and screening level. 


Package Operating Screening 
Order Type Range Level 

Number (Note1) (Note 2) (Note 3) 


AM2914PC 

P-40 

C 

C-1 

AM2914DC 

D-40 

C 

C-1 

AM2914DC-B 

D-40 

C 

B-2(Note4) 

AM2914DM 

D-40 

M 

C-3 

AM2914DM-B 

D-40 

M , 

B-3 

AM2914FM 

F-42 

M 

C-3 

AM2914FM-B 

F-42 

M 

B-3 

AM2914LC 

L-44 

C 

C-1 

AM2914LM 

L-44 

M 

C-3 

AM2914LM-B 

L-44 

M 

B-3 

AM2914XC 

Dice 

C 

1 Visual inspection 

AM2914XM 

Dice 

M j 

V to MIL-STD-883 

J Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number 
following letter is number of leads. See Appendix B for 
detailed outline. Where Appendix B contains several dash 
numbers, any of the variations of the package may be used 
unless otherwise specified. 

2. C = 0 to f 70°C, Vcc = 4.75 to 5.25V, M = -55 to 
+ 125°C,Vcc = 4.50 to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 
conform to MIL-STD-883, Class C. Level B-3 conforms to 
MIL-STD-883, Class B. 

4. 96 hour burn-in. 


Metallization and Pad Layout 


5 4 3 2 1 40 39 38 37 



16 17 18 19 20 21 22 23 24 25 26 


DIE SIZE 
0.133" X 0.187" 


Numbers correspond 
to DIP pin-out. 


Chip-Pak"* 

L-44-2 



CLOCK 

'o 
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STANDARD SCREENING 

(Conforms to MI L-STD-883 for Class C Parts) 



MIL-STD-883 


Level 1 

Step 

Method 

Conditions 

Am2914PC,DC 

Am2914DM,FM 

Pre-Seal Visual Inspection 

2010 

B 

100 % 

100 % 

Stabilization Bake 

1008 

24-hour 
^ 150°C 

100 % 

100 % 

Temperature Cycle 

1010 

^ -65°Cto+150°C 

10 cycles 

100 % 

100 % 

Centrifuge 

2001 

B 10,000 G 

100 % 7^ 

100 % 

Fine Leak 

1014 

A 5 x 10-8 atm-cc/sec 

100 % ^ 

100 % 

Gross Leak 

1014 

C2 Fluorocarbon 

100 % * 

100 % 

Electrical Test 

Subgroups 1 and 7 

5004 

See below for 
definitions of subgroups 

100 % 

100 % 

Insert Additional Screening here for Class B Parts 

Group A Sample Tests 





Subgroup 1 



LTPD = 5 

LTPD - 5 

Subgroup 2 



LTPD = 7 

LTPD = 7 

Subgroup 3 

5005 

See below for 

LTPD = 7 

LTPD = 7 

Subgroup 7 

definitions of subgroups 

LTPD = 7 

LTPD = 7 

Subgroup 8 


Maximum accept number 

LTPD = 7 

LTPD = 7 

Subgroup 9 


is 3 

LTPD = 7 

LTPD = 7 


*Not applicable for Am2914PC. 


TABLE 1 

MICROINSTRUCTION SET FOR Am2914 PRIORITY INTERRUPT CIRCUIT 


Decimal Decimal 


I 3 I 2 I 1 I 0 

Mnemonic 

instruction 

bizlilo 

Mnemonic 



Mask Register Functions 



14 

LDM 

Load mask register from M bus 

5 

RDVC 

7 

RDM 

Read mask register to M bus 



12 

CLRM 

Clear mask register (enables all priorities) 



8 

SETM 

Set mask register (inhibits all interrupts) 



10 

BCLRM 

Bit clear mask register from M bus 


CLRIN 

CLRMR 

11 

BSETM 

Bit set mask register from M bus 

1 

3 



Status Register Functions 


CLRMB 

CLRVC 

9 

LDSTA 

Load status register from S bus and LGE 

A 



flip-flop from GE input 

4 

6 

RDSTA 

Read status register to S bus 





Interrupt Request Control 

0 

MCLR 

15 

ENIN 

Enable interrupt request 



13 

DISIN 

Disable interrupt request 




Instruction 


Vectored Output 

Read vector output to V outputs, load V+1 
into status register, load V into vector hold 
register and set vector clear enable flip-flop. 

Priority Interrupt Register Clear 

Clear all interrupts 

Clear interrupts from mask register data (uses 
the M bus) 

Clear interrupts from M bus data 

Clear the individual interrupt associated with 

the last vector read 

Master Clear 

Clear all interrupts, clear mask register, clear 
status register, clear LGE flip-flop, enable 
interrupt request. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto +110°C 

Supply Voltage to Ground Potential 

-0.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State 

+0.5V to +Vcc rnax. 

DC Input Voltage 

-0.5V to 5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

—30mA to +5.0mA 


OPERATING RANGE 

p/N Temperature N/qc 


Am2914PC, DC 

0°Cto+70°C 

4.75V to 5.25V 

Am2914DM, FM 

-55°Cto+125°C 

4.50V to 5.50V 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

(Group A, Subgroups 1, 2, and 3) 

Am2914XC = 0°C to+70°C Vcc = 5.0V ± 5% (COM'L) MIN. = 4.75V MAX. = 5.25V 

Am2914XM Tq =-55°C to+125°C Vcc = 5.0V ± 10% (MIL) MIN. = 4.50V MAX. = 5.50V 


Typ. 

Parameters _ Description _ Test Conditions (Note 1) _ Min. (Note 2) Max. Units 


Vqh 

Output HIGH Voltage 

Vcc = min., 

V|N = V|H or V|L 

MIL, Iqh = -1.0mA 

2.4 



Volts 

COM'L, Iqh = —2.6mA 

2.4 



•CEX 

Output Leakage Current 
for IR Output 

Vcc = min., Vq = 5.5V 



250 

mA 

Vql 

Output LOW Voltage 

Vcc = min., 

V|N = V|H or V|L 

Iql “ 4.0mA 



0.4 

Volts 

Iql 8.0mA 



0.45 

Iql 12mA 



0.5 

V,H 

Input HIGH Level 

Guaranteed input logical HIGH voltage 

for all inputs 

2.0 



Volts 

V,L 

Input LOW Level 

Guaranteed input logical LOW voltage 

for all inputs 



0.8 

Volts 

V, 

Input Clamp Voltage 

Vcc = min., I|N =-18mA 



-1.5 

Volts 

•iL 

Input LOW Current 

■ 

Vcc = max., 

V|m = 0.4V 

Mo-7 



-0.15 

mA 

So -2 



-0.1 

L. B. 



-0.4 

ra 



-2.0 

Te 



-1.08 

All Others 



-0.8 

•IH 

Input HIGH Current 

Vcc = max., 

V|N = 2.7V 

Mo-7 



150 

mA 

SO-2 



100 

GAR 



40 

IE 



60 

ru. 



60 

All Others 



20 

'I 

Input HIGH Current 

Vcc = max., V|N = 5.5V 



1.0 

mA 

'OZL 

Off-State Output Current 

Vcc = max. 

VquT = 0.5V 

Mo-7 



-150 

mA 

So-2 



-100 

Vo-2 



-50 

•OZH 

VOUT = 2.4 V 

Mo-7 



150 

So -2 



100 

Vo-2 



50 

'cc 

Power Supply Current 



25°C 


170 

286 

mA 

Vcc = max. 

COM'L 

0°C 



305 

70° C 



250 

MIL 

-55° C 



310 

125°C 



200 

■sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-30 


-85 

mA 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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SWITCHING CHARACTERISTICS AT 25°C AND 5.0 VOLTS 

Note: Guaranteed limits at 25°C and 5.0V are group A, subgroup 9 tests 
All outputs fully loaded. C|_= 50pF. Measurements made at 1.5V with 
input levels of OV and 3.0V. All numbers are in ns. 

For interrupt request output, R|_ = 47012 

TABLE I. CLOCK AND INTERRUPT INPUT PULSE WIDTHS (ns) 


Time 

GUARANTEED 

Minimum Clock LOW Time 

30 

Minimum Clock HIGH Time 

30 

Minimum Interrupt Input (Pq-P?) LOW 

Time for Guaranteed Acceptance (Pulse Mode) 

25 

Maximum Interrupt Input (Pq-P?) LOW 

Time for Guaranteed Rejection (Pulse Mode) 

10 


TABLE II. COMBINATIONAL PROPAGATION DELAYS(ns) 



TYPICAL 

GUARANTEED 

To Output 

From Input 

M 

Bus 

s 

Bus 

^012 

Irpt 

Req 

Ripple 

Disable 

Group 

Advance 

Send 

M 

Bus 

S 

Bus 

Voi2 

Irpt 

Req 

Ripple 

Disable 

Group 

Advance 

Send 


36 

40 

40 

- 

- 

30 

48 

55 

55 

- 

- 

47 

*0123 

36 

40 

40 

- 

- 

30 

48 

55 ’ 

55 


- 

47 

Irpt. Disable 

- 


25 

35 

8 

19 

1 

- 

37 

42 

18 

25 


TABLE III. DELAYS FROM CLOCK TO OUTPUTS (ns) 



TYPICAL 

GUARANTEED 

Clock Path 

To 

To 

To 

To 

To 

To 

To 

To 

To 

To 

To 

To 

To 

To 


Irpt 


Status 

Irpt 


Status 



Voi2 

Req 

PD 

KD 

GAS 

O'flow 

GS 

Voi2 

Req 

PD 

RD 

GAS 

O'flow 

GS 

Irpt Latches and Register 

55 

65 

37 

39 

47 

- 

- 

67 

82 

57 

57 

66 

- 

- 

Mask Register 

55 

65 

37 

39 

47 

- 

- 

67 

82 

57 

57 

66 

- 

- 

Status Register 

45 

55 

28 

31 

37 

- 


59 

74 

57 

57 

58 

- 

- 

Lowest Group Enabled Flip-Flop 

- 


22 

25 

~ 


17 


- 

42 

45 

- 

- 

32 

Irpt Request Enable Flip-Flop 

- 

40 

- 

- 

- 


- 

- . 

56 

- 

- 

- 

- 

- 

Status Overflow Flip-Flop 

- 

- 

- 



17 


- 

- 

- 

- 

- 

30 

- 


TABLE IV. SET-UP AND HOLD TIME REQUIREMENTS (ns) 
(All relative to clock LOW-to-HIGH transition) 


From Input 

GUARANTEED j 

Set-up Time 

Hold Time 

S-Bus 

11 

8 

M-Bus 

11 

8 

PO-P 7 

11 

6 

Latch Bypass 

16 

0 

IE 

I 0123 ^See Note) 

46 

^pwL + 29 

0 


11 

11 

GAR 

11 

11 

Irpt Disable 

35 

0 

P 0 -P 7 Hold Time 
Relative to LB 

- 

21 


Note: tpwL is the Clock LOW Time. Both Set-up times must be met. 
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SWITCHING CHARACTERISTICS OVER OPERATING VOLTAGE AND TEMPERATURE RANGE 

. (Group A, subgroup 10 and 11 tests and limits) 

AH outputs fully loaded, Ci_ = 50pF. Measurements made at 1.5V with input 
levels of 0 and 3.0V. For Interrupt Request Output, Rl = 390ft, Vload = 5 0V 

TABLE I. CLOCK AND INTERRUPT INPUT PULSE WIDTHS (ns) 


Time 

Am2914PC, DC, XC 

Ta = 0°C to +70° C, 5V ± 5% 

Am2914DM, FM, XM 

TC = -55°C to +125°C, 5V ± 10% 

Minimum Clock LOW Time 

30 

30 

Minimum Clock HIGH Time 

30 

30 

Minimum Interrupt Input (Pq-P?) 

LOW Time for Guaranteed 
Acceptance,(Pulse Mode) 

40 

40 

Maximum Interrupt Input (P0-P7) 
LOW Time for Guaranteed 

Rejection (Pulse Mode) 

8 

8 

Minimum Clock Period, IE = H on 
current cycle and previous cycle 

50 

55 

Minimum Clock Period, IE = L on 
clirrent cycle or previous cycle 

100 

110 


TABLE II. MAXIMUM COMBINATIONAL PROPAGATION DELAYS (ns) 



Am2914PC, DC, XC 

Ta = 0°C to +70° C, 5V ± 5% 

Am2914DIVI, FM, XM 

TC = -55°C to +125°C, 5V ± 10% 

To Output 

From Input 

M 

Bus 

S 

Bus 

V0I2 

Irpt 

Req 

Ripple 

Disable 

Group 

Advance 

Send 

M 

Bus 

S 

Bus 

V0I2 

Irpt 

Req 

Ripple 

Disable 

Group 

Advance 

Send 

11 

52 

60 

65 

- 


56 

60 

68 

70 

- 

- 

62 

>0123 

52 

60 

65 

- 

- 

56 

60 

68 

70 



62 

Irpt. Disable 

- 

- 

45 

52 

20 

30 

- 

- 

48 

60 

22 

33 


TABLE III. MAXIMUM DELAYS FROM CLOCK TO OUTPUTS (ns) 


Clock Path 

Am2914PC, DC, XC 

Ta = 0°C to +70°C, 5V ± 5% 

Am2914DM, FM, XM 

TC = -55°C to +125°C, 5V ± 10% 

To 

V 012 

To 

Irpt 

Req 

To 

PD 

To 

RD 

to 

GAS 

To 

Status 

O'flow 

To 

GS 

To 

V 012 

To 

Irpt 

Req 

To 

PD 

li 

RD 

To 

GAS 

To 

Status 

O'flow 

To 

GS 

Irpt Latches and Register 

76 

97 

67 

67 

80 

- 

- 

82 

105 

75 

75 

85 

- 


Mask Register 

76 


67 

67 

h H 

- 

- 

82 

105 

75 

75 

85 

- 

- 

Status Register 

67 

88 

63 

63 

70 

- 

- 

73 

96 

66 

66 

76 

- 

- 

Lowest Group Enabled Flip-Flop 

- 

- 

48 

52 

- ■ 

- 

38 

_I _ 1 

~ 

54 

58 

- 

- 

45 

Irpt Request Enable Flip-Flop 

- 

62 

- 

- 


- 

- 


66 

- 

- 

- 

- 

- 

Status Overflow Flip-Flop 

- 

- 

- 

- 

- 

35 

- 

- 

- 

- 

- 

- 

40 

- 


TABLE IV. SETUP AND HOLD TIME REQUIREMENTS (ns) 

(All relative to clock LOW-to-HIGH transition) 


From Input 

Am2914PC, DC, XC 

Ta = 0°C to +70°C, 5V ± 5% 

Am2914DM, FM, XM 

TC = -55° C to +125°C, 5V ± 10% 

Set-Up Time 

Hold Time 

Set-Up Time 

Hold Time 

S-Bus 

15 

10 

15 

10 

M-Bus 

15 

10 

15 

10 

P 0 -P 7 

15 

8 

15 

8 

Latch Bypass 

20 

0 

20 

0 

IE 

•0123 <See Note) 

55 

tpwL + 33 

0 

55 

IpwL + 40 

0 


15 

13 

15 

13 

GAR 

.15 

13 

15 

13 

Irpt Disable 

42 

0 

42 

0 

P0-P7 Hold Time 
Relative to LB 

— 

25 

— 

25* 


Note: tpwL is the Clock LOW Time. Both Set-up times must be met. 
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TEST OUTPUT LOAD CONFIGURATIONS FOR Am2914 


C. OPEN-COLLECTOR OUTPUTS 

''load = 5'' 


VOUT 






D. THREE-STATE OUTPUTS 

''load = 5V 

240 



TEST OUTPUT LOADS FOR Am2914 


Pin # 
(DIP) 

- , - 

Pin Label 

Test 

Circuit 

Ri 

R2 

3 

Group 

Signal 

c 

2K 


4 

Group 

Advance 

Receive 

c 

2K 

- 

7 

Ripple 

Disable 

c 

2K 

- 

8 

Parallel 

Disable 

C 

2K 

- 

9 

Interrupt 

Request 

c 

390 

- 

13-11 

So-2 

D 

240 

240 

14 

Status 

Overflow 

C 

2K 

- 

18-16 

^0-2 

D 

240 

240 

- 

Mo-7 

D 

240 

240 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vqc current as the device switches may 
cause erroneous function failures due to Vqq changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground 
cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 


4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach Vii_ 
or V|H until the noise has settled. AMD recommends using 
V|L ^ 0.4V and V|h ^ 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation 
on our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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A Microprogrammable, Bipolar, 

LSI Interrupt Structure Using the Am2914 


INTRODUCTION 

Advanced Micro Devices' introduction of the Am2914 Vec¬ 
tored Priority Interrupt Controller now makes possible the 
structuring of a microprogrammable bipolar LSI interrupt 
system. The design engineer may use the Am2914 to simplify 
his design process, dramatically reduce the system cost, size 
and package count, and increase the speed, capability and 
reliability of his Interrupt system. 

The Am2914 Is a modular, low cost, standard LSI component 
that may be microprogrammed to meet the requirements of 
specific applications. Today's engineer may utilize the Am2914 
microprogrammability to provide functional flexibility and 
ease of engineering change, while taking advantage of its 
modularity to provide hardware regularity and future expan¬ 
sion capability. 

THE INTERRUPT CONCEPT 

In any state machine, a requirement exists for the efficient 
synchronization and response to asynchronous events such as 
power failure, machine malfunctions, control panel service 
requests, external timer signals, supervisory calls, program 
errors, and input/output device service requests. The merit of 
su6h an "asynchronous event handler" may be measured in 
terms of response time, system throughput, real time overhead, 
hardware cost and memory space required. 

The simplest approach to asynchronous event handling is the 
poll approach. A status indicator is associated with each 
possible asynchronous event. The processor tests each indicator 
in sequence and, in effect, "asks" if service is required. This 
program-driven method is inefficient for a number of reasons. 
Much time is consumed polling when no service is required; 
programs must have frequent test points to poll indicators, 
and since indicators are polled in sequence, considerable time 
may elapse before the processor responds to an event. Thus, 
system throughput Is low; real time overhead and response 
time are high, and a large memory space is required. 

The interrupt method Is a much more efficient way of 
servicing asynchronous requests. An asynchronous event re¬ 
quiring service generates an interrupt request signal to the 
processor. When the processor receives the interrupt request, 
it may suspend the program it is currently executing, execute 
an interrupt service routine which services the asynchronous 
request, then resume the execution of the suspended program. 
In this system, the execution of the service routine is 
initiated by an interrupt request; thus, the system is interrupt 
driven and service routines are executed only when service is 
requested. Although hardware cost may be higher in this type 
of system, it is more efficient since system throughput is 
higher, response time is faster, real time overhead is lower and 
less memory space is required. 

INTERRUPT SYSTEM FUNCTIONAL DEFINITION 

A complete and clear functional definition is key to the design 
of a good interrupt system. The following features are useful. 


Multiple Interrupt Request Handling: Since interrupt requests 
are generated from a number of different sources, the interrupt 
system's ability to handle interrupt requests from several 
sources is important. 

Interrupt Request Prioritization: Since the processor can 
service only one interrupt request at a time, it is important 
that the interrupt system has the ability to prioritize the 
requests and determine which has the highest priority. 

Interrupt Service Routine "Nesting": This feature allows an 
interrupt service routine for a given priority request to be 
interrupted in turn, but only by a higher priority interrupt 
request. The service routine for the higher priority request is 
executed, then the execution of the interrupted service routine 
is resumed. If there are "n" interrupt requests, an "n" deep 
"nest" is possible. 

Dynamic Interrupt Enabling/Disabling: The ability to enable/ 
disable all interrupts "on the fly" under microprogram control 
can be used to prevent interruption of certain processes. 

Dynamic Interrupt Request Masking: The ability to selectively 
inhibit or "mask" individual interrupt requests under micro¬ 
program control is useful. 

Interrupt Request Vectoring: Many times, a particular inter¬ 
rupt request requires the execution of a unique interrupt 
service routine. For this reason, the generation of a unique 
binary coded vector for each interrupt request is very helpful. 
This vector can be used as a pointer to the start of a unique 
service routine. 

Interrupt Request Priority Threshold: The ability to establish 
a priority threshold is valuable. In this type of operation, 
only those interrupt requests which have higher priority than a 
specified threshold priority are accepted. The threshold priority 
can be defined by microprogram or can be automatically 
established by hardware at the interrupt currently being 
serviced plus one. This automatic threshold prevents multiple 
interrupts from the same source. Also useful is the ability to 
read the threshold priority under microprogram control. Thus, 
the interrupt request being serviced may be determined by 
the microprogram. 

Interrupt Request Clearing Flexibility: Flexibility in the 
method of clearing interrupt requests allows different modes 
of interrupt system operation. Of particular value are the 
abilities to clear the interrupt currently being serviced, clear 
all interrupts, or clear interrupts via a programmable mask 
register or bus. 

Microprogrammability: Microprogrammability permits the 
construction of a general purpose or "universal" interrupt 
structure which can be microprogrammed to meet a specific 
application's requirements. The universality of the structure 
allows standardization of the hardware and amortization of 
the hardware development costs across a much broader user 
base. The end result is a flexible, low cost interrupt structure. 
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Hardware Modularity: Modular interrupt system hardware is 
beneficial in two ways. First, hardware modularity provides 
expansion capability. Additional modules may be added as 
the need to service additional requests arises. Secondly, hard¬ 
ware modularity provides a structural regularity which simpli¬ 
fies the system structure and also reduces the number of 
hardware part numbers. 

Fast Interrupt System Response Time: Quick interrupt system 
response provides more efficient system operation. Fast 
response reduces real time overhead and increases overall 
system throughput. 


INTERRUPT SYSTEM IMPLEMENTATION 
USING THE Am2914 

The Am2914 provides all of the foregoing features on a single 
LSI chip. The Am2914 is a high-speed, eight-bit priority 
interrupt unit that is cascadabte to handle any number of 
priority interrupt request levels. The Am2914's high speed is 
ideal for use in Am2900 Family microcomputer designs, but 
it can also be used with the Am9080A iVIOS microprocessor. 

The Am2914 receives interrupt requests on eight Interrupt 
input lines (PQ'Py)- A LOW level is a request. An internal 
latch may be used to catch pulses (HIGH-LOW-HIGH) on 
these lines, or the latch may be bypa,ssed so that the request 
lines drive the D-inputs to the edge-triggered Interrupt Register 
directly. An eight-bit Mask Register is used to mask individual 
interrupts. Considerable flexibility is provided for controlling 
the Mask Register. Requests in the interrupt Register (PQ-Py) 
are ANDed with the corresponding bits in the rnask register 
(iVlQ-My) and the results are sent to an eight-input priority 
encoder, which produces a three-bit encoded vector represent¬ 
ing the highest priority input which is not masked. 

An internal Status Register is , used to point to the lowest 
priority at which an interrupt will be accepted. The contents 
of the Status Register are compared with the output of the 
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Figure 1. Am2914 Logic Symbol. 


priority encoder, and an Interrupt Request output will occur 
if the vector is greater than or equal to the contents of the 
Status Register. Whenever a vector is read from the Am2914, 
the Status Register is automatically updated to point to one 
level higher than the vector read. (The Status Register can be 
loaded externally or read out at any time using the S-Bus.) 
Signals are provided for moving the status upward across 
devices (Group Advance Send and Group Advance Receive) 
and for inhibiting lower priorities from higher order devices 
(Ripple Disable, Parallel Disable, and Interrupt Disable). A 
Status Overflow output indicates that an interrupt has been 
read at the highest priority. 

The Am2914 is controlled by a four-bit microinstruction field 
tQ-l 3 . The microinstruction is executed if IE (Instruction 
Enable) is LOW and is ignored if iE is HIGH, allowing the 
four I bits to be shared with other functions. Sixteen different 
microinstructions are executed. Figure 2 shows the micro¬ 
instructions and the microinstruction codes. 


MICROINSTRUCTION 

DESCRIPTION 

MICROINSTRUCTION 

CODE 

13 * 2 * 1^0 

MASTER CLEAR 

0000 

CLEAR all INTERRUPTS 

0001 

CLEAR INTERRUPTS FROM M-BUS 

001G 

CLEAR INTERRUPTS FROM MASK 
REGISTER 

0011 

CLEAR INTERRUPT, LAST 

VECTOR READ 

0100 

READ VECTOR 

0101 

READ STATUS REGISTER 

0110 

READ MASK REGISTER 

0111 

SET MASK REGISTER 

1000 

LOAD STATUS REGISTER 

1001 

BIT CLEAR MASK REGISTER 

1010 

BIT SET MASK REGISTER 

1011 

CLEAR MASK REGISTER 

1100 

DISABLE INTERRUPT REQUEST 

1101 

LOAD MASK REGISTER 

1110 

ENABLE INTERRUPT REQUEST 

1111 


Figure 2. Am2914 Microinstruction Set. 


In this microinstruction set, the Master C/ear microinstruction 
is selected as binary zero so that during a power up sequence, 
the microinstruction register in the microprogram control unit 
of the central processor can be cleared to all zeros. Thus, on 
the next clock cycle, the Am2914 will execute the Master 
Clear function. This includes clearing the Interrupt Latches 
and Register as well as the Mask Register and Status Register. 
The LGE flip-flop of the least significant group is set LOW 
because the Group Advance Receive input is tied LOW. All 
other Group Advance Receive inputs are tied to Group Advance 
Send outputs and these are forced HIGH during this instruc¬ 
tion. This clear instruction also sets the Interrupt Request 
Enable flip-flop so that a fully interrupt driven system can be 
easily initiated from any interrupt. 
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The dear AH Interrupts microinstruction clears the Interrupt 
Latches and Register. 

The Clear Interrupts from Mask Register microinstruction 
clears those Interrupt Latches and Register bits which have 
corresponding Mask Register bits set equal to one. The M-Bus 
is used by the Am29l4 during the execution of this micro¬ 
instruction and must be floating. 

The Clear Interrupts from M-Bus microinstruction clears those 
Interrupt Latches and Register bits which have corresponding 
M-Bus bits set equal to one. 

The Clear Interrupt, Last Vector Read microinstruction clears 
the Interrupt Latch and Register bit associated with the last 
vector read. 

The Read Vector microinstruction is used to read the vector 
value of the highest priority request causing the interrupt. 
The vector outputs are three-state drivers that are enabled onto 
the VqV-) V 2 bus during this instruction. This microinstruction 
also automatically loads the value "vector plus one" into the 
Status Register. In addition, this instruction sets the Vector 
Clear Enable flip-flop and loads the current vector value into 
the Vector Hold Register so that this value can be used by the 
Clear Interrupt, Last Vector Read microinstruction. This 
allows the user to read the vector associated with the interrupt, 
and at some later time clear the Interrupt Latch and Register 
bit associated with the vector read. 

The Load Status Register microinstruction loads S-Bus data 
into the Status Register and also loads the LGE flip-flop from 
the Group Enable input. 


During the Read Status Register microinstruction, the Status 
Register outputs are enabled onto the Status Bus (SQ-S 2 ). 
The Status Bus is a three-bit, bi-directional, three-state bus. 

The Load Mask Register microinstruction loads data from the 
three-state, bi-directional M-Bus into the Mask Register. 

The Read Mask Register microinstruction enables the Mask 
Register outputs onto the bi-directional, three-state M-Bus. 

The Set Mask Register microinstruction sets all the bits,in the 
Mask Register to one. This results in all interrupts being 
inhibited. 

The entire Mask Register is cleared by the Clear Mask Register 
microinstruction. This enables all interrupts subject to the 
Interrupt Enable flip-flop and the Status Register. 

The Bit Clear Mask Register microinstruction may be used to 
selectively clear individual Mask Register bits. This micro¬ 
instruction clears those Mask Register bits which have cor¬ 
responding M-Bus bits equal to one. Mask Register bits with 
corresponding M-Bus bits equal to zero are not affected. 

The Bit Set Mask Register microinstruction sets those Mask 
Register bits which have corresponding M-Bus bits equal to 
one. Other Mask Register bits are not affected. 

All Interrupt Requests may be disabled by execution of the 
Disable Interrupt Request microinstruction. This microinstruc¬ 
tion resets an Interrupt Request Enable flip-flop on the chip. 

The Enable Interrupt Request microinstruction sets the Inter¬ 
rupt Enable flip-flop. Thus, Interrupt Requests are enabled 
subject to the contents of the Mask and Status Registers. 
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Figure 3. Am2914 Block Diagram. 
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Am2914 BLOCK DIAGRAM DESCRIPTION 

The Am2914 block diagram is shown in Figure 3. The Micro¬ 
instruction Decode circuitry decodes the Interrupt Micro¬ 
instructions and generates required control signals for the chip. 

The Interrupt Register holds the Interrupt Inputs and is an 
eight-bit, edge-triggered register which is set on the rising edge 
of the CP Clock signal if the Interrupt Input is LOW. 

The Interrupt latches are set/reset latches. When the Latch 
Bypass signal is LOW, the latches are enabled and act as 
negative pulse catchers on the Inputs to the Interrupt Register. 
When the Latch Bypass signal is HIGH, the Interrupt latches 
are transparent. 

The Mask Register holds the eight mask bits associated with 
the eight interrupt levels. The register may be loaded from or 
read to the M-Bus. Also, the entire register or Individual mask 
bits may be set or cleared. 

The Interrupt Detect circuitry detects the presence of any 
unmasked Interrupt Input. The eight-input Priority Encoder 
determines the highest priority, non-masked Interrupt Input 
and forms a binary coded interrupt vector. Following a Vector 
Read, the three-bit Vector Hold Register holds the binary 
coded interrupt vector. This stored vector can be used later for 
clearing interrupts. 

The three-bit Status Register holds the status bits and may be 
loaded from or read to the S-Bus. During a Vector Read, the 
Incrementer increments the interrupt vector by one, and the 
result is clocked into the Status Register. Thus, the Status 
Register points to a level one greater than the vector just read. 

The three-bit Comparator compares the Interrupt Vector with 
the contents of the Status Register and indicates if the Inter¬ 
rupt Vector is greater than or equal to the contents of the 
Status Register. 

The Lowest Group Enabled Flip-Flop is used when a number 
of Am2914's are cascaded. In a cascaded system, only one 
Lowest Group Enabled Flip-Flop is LOW at a time. It indicates 
the eight interrupt group, which contains the lowest priority 
interrupt level which will be accepted and is used to form the 
higher order status bits. 

The Interrupt Request and Group Enable logic contain various 
gating to generate the Interrupt Request, Parallel Disable, 
Ripple Disable, and Group Advance Send signals. 

The Status Overflow signal is used to disable all interrupts. It 
indicates the highest priority interrupt vector has been read 
and the Status Register has overflowed. 

The Clear Control logic generates the eight individual clear 
signals for the bits in the Interrupt Latches and Register. The 
Vector Clear Enable Flip-Flop indicates if the last vector read 
was from this chip. When it is set it enables the Clear Control 
Logic. 

The CP clock signal is used to clock the Interrupt Register, 
Mask Register, Status Register, Vector Hold Register, and the 
Lowest Group Enabled, Vector Clear Enable and Status Over¬ 
flow Flip-Flops, all on the clock LOW-to-HIGH transition. 

The Am2914 can be microprogrammed in many different 
ways. Figure 4 shows an example interrupt sequence. The 
Read Vector microinstruction is necessary in order to read the 
interrupt priority level. Since vector plus one is automatically 
loaded into the Status Register when a Read Vector micro¬ 
instruction is executed, the Status Register possibly will 
overflow and disable all interrupts. For this reason, the Status 
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Figure 4. Example Interrupt Sequence. 


Register must be reloaded periodically. The other Am2914 
microinstructions are optional. 


CASCADING THE Am2914 

A number of input/output signals are provided for cascading 
the Am2914 Vectored Priority Interrupt Encoder. A defini¬ 
tion of these I/O signals and their required connections 
follows: 

Group Signal (GS) — This signal is the output of the Lowest 
Group Enabled flip-flop and during a Read Status micro¬ 
instruction is used to generate the high order bits of the Status 
word. 

Group Enable (GE) — This signal is one of the inputs to the 
Lowest Group Enable flip-flop and is used to load the flip-flop 
during the Load Status microinstruction. 
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Group Advance Send (GAS) — During a Read Vector micro¬ 
instruction, this output signal is LOW when the highest 
priority vector (vector seven) of the group is being read. In a 
cascaded system Group Advance Send must be tied to the 
Group Advance Receive input of the next higher group in 
order to transfer status information. 

Group Advance Receive (GAR) — During a Master Clear or 
Read Vector microinstruction, this input signal is used with 
other internal signals to load the Lowest Group Enabled flip- 
flop. The Group Advance Receive input of the lowest 
priority group must be tied to ground. 


Status Overflow (SV)—This output signal becomes LOW 
after the highest priority vector (vector seven) of the group 
has been read and indicates the Status Register has overflowed. 
It stays LOW until a Master Clear or Load Status microinstruc¬ 
tion is executed. The Status Overflow output of the highest 
priority group should be connected to the Interrupt Disable 
input of the same group and serves to disable all interrupts 
until new status is loaded or the system is master cleared. The 
Status Overflow outputs of lower priority groups should be 
left open (see Figure 7). 

Interrupt Disable (ID) — When LOW, this input signal inhibits 
the Interrupt Request output from the chip and also generates 
a Rioole Disable output. 


Ripple Disable (RD) - This output signal is used only in the 
Ripple Cascade Mode (see below). The Ripple Disable output 
is LOW when the Interrupt Disable input is LOW, the Lowest 
Group Enabled flip-flop is LOW, or an Interrupt Request Is 
generated in the group. In the ripple cascade mode, the 
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Figure 5. Cascade Lines Connection for Single Chip System. 
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for Ripple Cascade Mode. 
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Ripple Disable output is tied to the Interrupt Disable input of 
the next lower priority group (see Figure 6). 

Parallel Disable (PD) — This output is used only in the parallel 
cascade mode (see below). It is HIGH when the Lowest Group 
Enabled flip-flop is LOW or an Interrupt Request is generated 
in the group. It is not affected by the Interrupt Disable input. 

A single Am2914 chip may be used to prioritize and encode 
up to eight interrupt inputs. Figure 5 shows how the above 
cascade lines should be connected in such a single chip system. 

The Group Advance Receive and Group Enable inputs should 
be connected to ground so that the Lowest Group Enabled 
flip-flop is forced LOW during a Master Clear or Load Status 
microinstruction. Status Overflow should be connected to 
Interrupt Disable in order to disable interrupts when vector 
sev/en is read. The Group Advance Send, Ripple Disable, 
Group Signal and Parallel Disable pins should be left open. 

The Am2914 may be cascaded in either a Ripple Cascade 
Mode or a Parallel Cascade Mode. In the Ripple Cascade Mode, 
the Interrupt Disable signal, which disables lower priority 
interrupts, is allowed to ripple through lower priority groups. 
Figures 6, 9 and 11 show the cascade connections required 
for a ripple cascade 64 input interrupt system. 


In the parallel cascade mode, a parallel lookahead scheme is 
employed using the high-speed Am2902 Lookahead Carry 
Generator. Figures 7, 9 and 10 show the cascade connections 
required for a parallel cascade 64-input interrupt system. For 
this application, the Am2902 is used as a lookahead interrupt 
disable generator. A Parallel Disable output from any group 
results in the disabling of all lower priority groups in parallel. 
Figure 8 shows the Am2902 logic diagram and equations. 


In Figures 9 and 10, the Am2913 Priority Interrupt Expander 
is shown forming the high order bits of the vector and status, 
respectively. The Am2913 is an eight-line to three-line priority 
encoder with three-state outputs which are envied by the 
five output control signals G1, G2, G3, G4, and G5. In Figure 
9, the Am2913 is connected so that its outputs are enabled 
during a Read Vector instruction, and in Figure 10 the 
Am2913 is connected so that its outputs are enabled during a 
Read Status instruction. The Am2913 logic diagram and 
truth table are shown in Figure 11. 


The Am25LS138 three-line to eight-line Decoder also is 
shown in Figure 10. It is used to decode the three high order 
status bits during a Load Status instruction. The Am25LS138 
logic diagram and truth table are shown in Figure 12. 




^n+x " Gq + PoCp 

Cn+y "^1 “^Pl^O + f^lPo^n 
Cn-rz =G2 + P2 Gi + P 2 P 1 G 0 + P2PlPo^n 
G = G3 -r P3G2 + P3P2G'i + P 3P2P1 
P =P3P2PlP0 


Figure 8. Am2902 Carry Look-Ahead Generator Logic Diagram and Equations. 
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EXAMPLE INTERRUPT SYSTEMS DESIGNS 
FOR AN Am2900 SYSTEM 

A classical computer architecture is shown in Figure 13. The 
Computer Control Unit controls the internal busses and sub¬ 
systems of the processor, synchronizes internal and external 
events and grants or denies permission to external systems. 
The data bus is commonly used by all of the subsystems in 
the computer. Information, instructions, address operands, 
data and sometimes control signals are transmitted down the 
data bus under control of a microprogram. The microprogram 
selects the source of the data as well as the destination(s) of 
the data. The Address Bus is typically used to select a word in 
memory for an internal computer function or to select an 
input/putput port for an external subsystem or peripheral 
function. The source of the data for the address bus, also 
selected by microprogram commands, may be the program 
counter, the memory address register, a direct memory address 
controller, an interface controller, etc. 


tion codes, along with other computer status information, are 
stored in a register for later use by the programmer or 
computer control unit. 

The program counter and the memory address register are the 
two main sources of memory word and I/O address select data 
on the address bus. The program counter contains the address 
of the next instruction or instruction operand that is to be 
fetched from main memory, and the memory address register 
contains instruction address operands which are necessary to 
fetch the data required for the execution of the current 
instruction. 

A subroutine address stack is provided to allow the return 
address linkage to be handled easily when exiting a sub¬ 
routine. The address stack is a last-in, first-out stack that is 
controlled by a jump-to-subroutine, PUSH, or a return-from- 
subroutine, POP, instruction from the CCU microinstruction 
word. 


The arithmetic/logic unit (ALU) is that portion of the proc¬ 
essor that computes. Under control of the microprogram, the 
ALU performs a number of different arithmetic and logic 
functions on data in the working registers or from the data 
bus. The ALU also provides a set of condition codes as a 
result of the current arithmetic or logic operation. The condi¬ 


The next microprogram address control (NMAC) circuitry 
controls the generation of microinstruction addresses. Based 
on microprogram control, interrupt requests, test conditions 
and commands from a control panel or other processor, the 
NMAC determines the address of the next microinstruction 
to be executed. 




INTERRUPT TO INTERFACE 

REQUESTINPUTS • CONTROLLERS 


Figure 13. Generalized Computer Architecture. 
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Figure 17. Computer Control Unit for Microprogram Interrupt System. 


EXAMPLE INTERRUPT SYSTEM DESIGN 
FOR AN Am9080A SYSTEM 

The Am2914 can be used in an Am9080A system also. Figure 
18 shows the detailed hardware design of an eight-level ICU 
for an Am9080A system. The ICU attaches to the Am8228 
data bus and uses any two I/O port addr es ses, de sign ated X 
and Y. Three Am8228 control lines, INTA, I/O R and I/O W, 
are used to control the ICU, and the Am8224 02 (TTL) output 
is used as the ICU clock. The ICU provides the INT (interrupt 
request) input to the Am9080A. 

The A m9080A acknowledges an interrupt request with the 
INTA signal which selects the A inputs of the Am25LS09 
Instruction Register. The Am25LS09 is a quad, two-input 
register which is set on the LOW-to-HIGH transition of the 
clock. The A inputs are wired so that an Am2914 Read 
Vect or inst ruction is forced at the Am2914 Instruction Inputs. 
The INTA signal also forces the Am2914 Instruction Enable 
signal LOW and enables the Am25LS241 outputs onto the 
Am8228 data bus. The Am25LS241 is an eight-bit, three- 
state bus driver in a 20-pin package. Figure 19 shows a logic 
diagram of the Am25LS241. Five Am25LS241 inputs are 
wired HIGH so that, along with the Am2914 Vector outputs, 
they force an Am9080A Restart instruction onto the Am8228 
data bus. The Am9080A then uses the vector to branch to an 
interrupt service routine. 


During the interrupt service routine, the Am2914 is driven by 
Am9080A software. Figure 20 shows example Am9080A 
instruction code for Am2914 control and the comments 
describe the operation of the ICU hardware in detail. The 
Am2920 Data Out. Register buffers data during operations 
which require the transfer of data from the Am9080A to the 
Am2914, such as the load mask and load status operations. 
The Am2920 contains eight "D" type flip-flops. Figure 21 
shows the Am2920 logic diagram. 

The Am25LS374 Data In Register buffers data during opera¬ 
tions which require transfer of data from the Am2914 to the 
Am9080A, such as the read mask and read status operations. 
The Am25LS374 contains eight "D" type flip-flops in a 20- 
pin package. Figure 22 shows the logic diagram for the 
Am25LS374. 

The Am25LS175 "D" type flip-flops are used to synchronize 
incoming and outgoing control signals with the 02 dock to 
meet the Am2914 and Am9080A timing requirements. In this 
design, the Latch Bypass input is connected to ground so that 
a negative pulse will be detected at any of the interrupt inputs. 
As always when a single Am2914 is used, the Status Overflow 
output is connected to the Interrupt Disable input, and the 
Group Advance Receive and Group Enable inputs are con¬ 
nected to ground. 
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Note: Am2914 instruction bits nrtust be on data bus bits DB 0 -DB 3 , respectively. 

X = Don't Care. 



Figure 20. Example Am9080A Instruction Code for Am2914 Control. 


LOGIC DIAGRAM 



Figure 21. Am2920 Octal D-Type Flip-Flops with 3-State Outputs. 

Common Clock, Clear, Clock Enable and Output Control, 22 Pin Package. 



Figure 22. Am25LS374 Octal D-Type Flip-Flops with 3-State Outputs, 20 Pin Package. 
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Implementing Interrupts 
for Bit-Slice Processors 


By Vern Coleman 


Interrupt detection and handling at the microprogram level can 
be easily implemented in the Am2900 bit-slice processor family 
thanks to versatile components like the Am2914 priority inter¬ 
rupt encoder and others. The interrupt scheme can generally 
be extended to other systems at the cost of additional circuitry. 

As shown in the figure, the components required are the 2914, 
the 2910 microprogram sequencer, a 29775 programmable 
read-only memory, and two separate PROMs for mapping in¬ 
structions from main memory and interrupt vectors from the 
2914 into starting addresses for the 2910. 

If an interrupt is detected by the 2914 as the 2910 executes an 
instruction, the interrupt-request output of the encoder moves 
low. This action turns off the carry input of the 2910, for all 
practical purposes causing the sequencer to halt for a micro¬ 
cycle. It also causes any data that would normally appear at 
the Yj outputs to be stored in the sequencer’s program counter. 

The interrupt request also forces the output of the sequencer 
into a high-impedance state. This allows an interrupt-handling 
vector to be applied at the Yj outputs, thereby addressing the 
first instruction of the interrupt routine in the microprogram 
memory. 


The 2914 is thus instructed to place an interrupt vector on its 
output port. The same word in microprogram memory also en¬ 
ables the output of the vector-mapping PROM to allow decod¬ 
ing of the interrupt vector. The result is then applied to the D 
inputs of the 2910 while it does a jump to the appropriate sub¬ 
routine. Thus the first address of the interrupt routine is brought 
in, and the address to which the previously executed program 
Is to return after the interrupt is serviced is stored away. If there 
is a point in the microprogram routing where no interrupts are 
to be allowed, a logic 0 can be applied to the interrupt disable 
input pin on the 2914. 

The microcode for handling interrupts is shown in the table. 
The first entry commences with address I. This vector instructs 
the 2914 to execute a jump to subroutine if its condition code 
input is low. The encoder is then commanded to place its inter¬ 
rupt vector associated with the current interrupt request on its 
output port. At this time, it may be desirable to disable any 
further Interrupts, in which case the appropriate pin should be 
brought low, as explained above. A logic 0 is also placed on 
the vector-mapping PROM while a logic 1 is placed on the 
data-mapping PROM’s output-enable lead and the pipeline 
output-enable of the 29775. Thus the vector-mapping PROM 
will be the sole source of any input to the D port of the 2910. 
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STOP 


At address I + 1, the interrupt associated with the previous 
vector read into the 2914 may be cleared, and the vector¬ 
mapping PROM disabled by bringing its output-enable lead 
high. At address I + 2 and subsequent addresses, the 2914 
may be commanded to accept any interrput by use of the ena¬ 
ble interrupt request. The vector-mapping PROM is first dis¬ 
abled with a logic 1 signal. At this time the interrupt-disable pin 
of the 2914 is deactivated. At the end of the interrupt routine, 
an exit is achieved via the conditional-return instruction of the 
2910. A logic 0 should be simultaneously applied to the 
condition-code inputs of the sequencer. 

There is nothing that precludes the use of this architecture in a 
stacked-interrupt system. The number of interrupts that can be 
stacked is limited by the depth of the 2910, It is only necessary 
to issue a simple command to return from the subroutine 
utilized to the main program, for each stacked interrupt. 


Standard elements of the Am2900 Family are easily configured 
to provide interrupt capability for bit-slice microprocessors. Ar¬ 
chitecture is applicable to stacked interrupt systems. Microcode 
for handling interrupts (see table) is fast and simple. 


Interrupt 

Address 

Am2910 

Instruction 

Am2914 

Vector- 

Mapping 

PROM 

Data- 

Mapping 

PROM 

Instruction 

Interrupt 

Disable 

1 

CJS 

Read vector 

0 

0 

0 

\ + 1 

- 

Clear 

interrupt, last 
vector read 

0 

1 


I + 2 

- 

Enable 

interrupt 

request 

1 

1 


1 + 3 

CRTN 

- 

1 

- 

- 
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Am2914 Priority Interrupt Encoder 
Detailed Logic Description 


INTRODUCTION 

A clear understanding of the Am2914 Priority Interrupt 
controller's operation facilitate^ its efficient use. With that 
idea in mind, a detailed logic description of the Am2914 is 
presented here. A detailed logic diagram and control signal 
truth table are shown, and significant aspects of the Am2914 
design are described verbally. 



LOGIC DIAGRAM DESbRIPTION 

The Interrupt Latches and Register are shown in Figure 1. 
The Interrupt latches are set/reset-type latches. When the 
Latch bypass signal is LOW, the latches are enabled and act as 
negative pulse catchers on the inputs to the Interrupt Register. 
When the Latch Bypass signal is HIGH, the Interrupt latches 
are transparent. The Interrupt Register holds the Interrupt 
Inputs and is an eight-bit, edge-triggered register. It is updated 
on the LOW-to-HIGH tfansition of the clock pulse (HIGH-to- 
LOW transition of the CP signal) as are all of the flip-flops on 
the chip. 



N R CP 


___ MPR-150| 

Figure 2. Vector Hold Register 

When a Read Vector instruction is executed, the binary coded 
vector is loaded into the Vector Hold Register of Figure 2. 
This stored vector can be used later for clearing the interrupt 
associated with the last vector that was read. The Vector Clear 
Enable Flip-Flop of Figure 2 is set when a Read Vector instruc¬ 
tion is executed and the PASS ALL signal is HIGH. A HIGH 
PASS ALL signal level indicates that this aroup is enabled 
and that an interrupt request in this group was detected and 
passed priority. The Vector Hold Register and the Vector 
Clear Enable Flip-Flop are cleared when a Master Clear, Clear 
All Interrupts, or Clear Interrupt Last Vector Read is executed. 
Table 1 shows the generation of the "N and R" control signals 
for each of these operations. 
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The Interrupt Request Detect and Priority Encode circuitry eight-input Priority Encoder determines the highest priority, 

are shown in Figure 4. The Interrupt Detect circuitry non-masked Interrupt Input and forms a binary coded 

detects the presence of any unmasked Interrupt Input. The interrupt vector, V 0 -V 2 . 



Figure 5. Clear Control. 


The Clear Control logic of Figures generates the eight 
individual clear signals for the eight Interrupt Register bits. 
Under microinstruction control, all interrupts, interrupts 
with corresponding mask register bits set, interrupts with 


corresponding mask bus bits equal to one, on the interrupt 
associated with the last vector read may be cleared. Table 1 
shows the generation of the "J" and "K” control signals 
for each of these operations. 
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Figure 6. Three-Bit comparator. 


The three-bit Comparator of Figure 6 compares the inter¬ 
rupt vector with the contents of the Status Register. A 
LOW signal level at the PASS PRIORITY output indicates 
that the interrupt vector is greater than or equal to the con¬ 
tents of the Status Register. 



The Lowest Group Enabled Flip-Flop, Figure.7, is used when 
a number of Am2914's are cascaded. In a cascaded system, 
only one Lowest Group Enabled Flip-Flop is LOW at a time. 
It indicates the group which contains the lowest priority inter¬ 
rupt which will be accepted and is used to form the high order 
status bits. When a Load Status instruction is executed, the 
flip-flop is loaded from the GROUP ENABLE input. When a 


Master Clear instruction is executed, it is loaded from the 
GROUP ADVANCE RECEIVE input. The flip-flop is set 
HIGH when a Read Vector instruction is executed if a Group 
Advance is not received and no interrupt in this group is 
detected, if a Group Advance is sent from this group, or if 
interrupts from this group are disabled. For all other instruc¬ 
tions, the flip-flop remains the same. Table 1 shows the 
generation of the “N", "L" and “M" control signals for these 
operations. 


The Status Register holds the status bits and may be loaded 
from or read to the "S" bus as shown in Figure 8. Note that 
when a Load Status instruction is executed, status f rom the 
"S" bus is loaded into the Status Register only if the GROUP 
ENABLE input is LOW; if the GROUP ENABLE input is 
HIGH, the Status Register is cleared. Also note that during 
a Read Status instruction, the Status Register outputs are 
enabled onto the "S" bus only if the Lowest Group Enabled 
Flip-Flop of this group is LOW. When a Read Vector instruc¬ 
tion is executed, the incrementer increases the vector by one 
and the result is loaded into the Status Register. Thus, the 
Status Register always points to the lowest level at which an 
interrupt will be a ccepted. Table 1 shows the generation of 
the "F", "G" and "OE-S" control signals for Status Register 
operations. 



The Interrupt Request Logic, shown in Figure 9, generates the 
RIPPLE DISABLE, PARALLEL DISABLE, INTERRUPT 
REQU EST, GROUP ADVANCE SEND, and STATUS OVER¬ 
FLOW output signals. The PARALLEL DISABLE signal is 
generated when the Lowest Group Enabled signal is LOW or 
an interrupt request in this gr oup is detected and passes 
priority. The RIPPLE DISABLE signal is generated when the 
PARALLEL DISABLE signal is generated and also when the 
INTERRUP T DISABLE input signal is LOW. The INTERRUPT 
REQUEST output signal is generated when interrupt requests 
in this group ar e enabled and a request is d etected and passes 
priority. The GROUP ADVANCE SEND output signal is 
generated when a vector of value seven is being read. The 
Status Overflow Flip-Flop is set LOW when a vector of value 
seven is read and indicates the Status Register has overflowed. 
The Interrupt Request Enable Flip-Flop is either set or reset 
by the Enable Request or Disable Request mic roinstructions 
respectively , and is used to enable or disable the INTERRUPT 
REQUEST output. Table 1 shows the generation of control 
signals “b”, “E", "S” and "H". 

Note that the vector outputs are enabled only when a Read 
Vector is laeing executed. Also note that when a Read Vector 
Instruction is executed, the vector outputs will be disabled 
after the execution of the instruction since the Status Register 
is loaded with V-f-1, and the INTERRUPT REQUEST will no 
longer be generated. 

The Microinstruction Decode circuitry. Figure 10, decodes 
the Am2914 microinstructions and generates the required 
internal control signals. Table 1 shows the truth table for 
these functions and Figure 11 shows the function tables. 
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Table 1. Am2914 Control Signal Truth Table. 

0 = LOW, 1 = HIGH 


Microinstruction 

Function 

Mask 

Register 

Status 

Register 

Group 

Enable 

Clear 

Con¬ 

trol 

Irpt 

Request 

Enable 

Vector 

Hold 

Register 

Other 

Decimaii 

lE 

'3 

*2 

•1 

‘o 

Description 

A 

B 

c 

OEM 

F 

G 

OE-S 

L 

M 

J 

K 

D 

E 

N 

R 

S 

H 

0 

0 

0 

0 

0 

0 

Master Clear 

0 

0 

1 

0 

0 

0 

1 

1 

0 

1 

1 

0 

1 

0 

0 

1 

1 

1 

0 

0 

0 

0 

1 

Clear All Interrupts 

1 

0 

1 

0 

0 

1 

1 

0 

1 

1 

1 

1 

X 

0 

0 

1 

0 

2 

0 

0 

0 

1 

0 

Clear Intr Via M Bus 

1 

0 

1 

0 

0 

1 

1 

0 

1 

1 

0 

1 

X 

0 

1 

1 

0 

3 

0 

0 

0 

1 

1 

Clear Intr Via M Reg 

1 

0 

1 

1 

0 

1 

1 

0 

1 

1 

0 

1 

X 

0 

1 

1 

0 

4 

0 

0 

1 

0 

0 

Clear Intr, Last Vector 

1 

0 

1 

0 

0 

1 

1 

0 

1 

0 

1/0 

1 

X 

0 

0 

1 

0 

5 

0 

0 

1 

0 

1 

Read Vector 

1 

0 

1 

0 

0/1 

0 

1 

0 

0 

0 

0 

1 

X 

1 

0 

0 

1 

6 

0 

0 

1 

1 

0 

Read Status Reg 

1 

0 

1 

0 

0 

1 

0 

0 

1 

0 

0 

1 

X 

0 

1 

1 

0 

7 

0 

0. 

1 

1 

1 

Read Mask Reg 

1 

0 

1 

1 

0 

1 

1 

0 

1 

0 

0 

1 

X 

0 

1 

1 

0 

8 

0 

1 

0 

0 

0 

Set Mask Reg 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

0 

1 

X 

0 

1 

1 

0 

9 

0 

1 

0 

0 

1 

Load Status Reg 

1 

0 

1 

0 

1 

1 

1 

1 

1 

0 

0 

1 

X 

0 

1 

1 

1 

10 

0 

1 

0 

1 

0 

Bit Clear Mask Reg 

0 

1 

0 

0 

0 

1 i 

1 

0 

1 

0 

0 

1 

X 

0 

1 

1 

0 

11 

0 

1 

0 

1 

1 

Bit Set Mask Reg 

1 

.1 

1 

0 

0 

1 

1 

0 

1 

0 

0 

1 

X 

0 

1 

1 

0 

12 

0 

1 

1 

T" 

0 

Clear Mask Reg 

0 

0 

1 

0 

0 

1 

1 

0 

1 

0 

0 

1 

■X 

0 

1 

1 

0 

13 

0 

1 

1 

0 

1 

Disable Request 

1 

0 

1 

0 

0 

1 

1 

0 

1 

0 

0 

0 

0 

0 

1 

1 

0 

14 

0 

1 

1 

1 

0 

Load Mask Reg 

0 

1 

1 

0 

0 

1 

1 

0 

1 

0 

0 

1 

X 

0 

1 

1 

0 

15 

0 

1 

1 

1 

1 

Enable Request 

1 

0 

1 

0 

0 

1 

1 

0 

1 

0 

0 

0 

1 

0 

1 

1 

0 

X 

1 

X 

X 

IT 

X 

Instruction Disable 

1 

0 

1 

0 

0 1 

1 

0 . 

0 

0 

1 X 

0 1 

1 0 


Notes: 1. Control line "F" during "READ VECTOR" instruction is 0 when "PASS ALL" is LOW and 1 when "PASS ALL" is HIGH. 

2. Control line "K" during "Clear Intr, Last Vector" Instruction is 0 when "Vector Clear Enable" is LOW and 1 when "Vector Clear Enable' 
is HIGH. 
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Figure 9. Interrupt Request Logic. 


INSTRUCTION « 
ENABLE ^ 


'o O 

'lO- 

'20- 

I 30 - 


PASS ALL 


VECTOR CLEAR 
ENABLE 


MICROINSTRUCTION 
DECODE 
CIRCUITRY 
(SEE TABLE 1) 


A 

B 

C 

D 

E 

F 

G 

H 

J 

K 

L 

M 

N 

R 

S 

OE-M 

OE^ 
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MASK REGtSTER 


ABC FUNCTION 


000 SET 
0 0 1 CLEAR 
0 1 0 BIT clear 
0 1 1 LOAD 

101 HOLD 
1 11 BIT SET 

CLEAR CONTROL 


J kI function 


0 0 NO CLEAR 
0 1 CLEAR IRPT, VECTOR 
1 0 CLEAR IRPTS VIAM 

1 1 CLEAR ALL IRPTS 

VECTOR HOLD REGISTER 


N FUNCTION 


0 HOLD 
1 I LOAD 


STATUS REGISTER 


F G FUNCTION 
0 0 CLEAR 
0 1 HOLD 

1 0 LOAD VECTOR + 1 
1 1 LOAD VIA "S" BUS 

INTERRUPT REQUEST 
ENABLE FLIP-FLOP 


D ^ _FUN CTION 

0 0 DISABLE IRPTS 
0 1 ENABLEIRPTS 
1 X HOLD 

VECTOR CLEAR 
ENABLE FLIP-FLOP 


N R FUNCTION 

0 0 CLEAR 
0 1 HOLD 
1 0 LOAD 


LOWEST GROUP 
ENABLED FLIP-FLOP 


STATUS OVERFLOW 
FLIP-FLOP 


M 


0 0 UPDATE 
0 1 HOLD 
1 0 LOAD VIA 

1 1 LOAD VIA 


FUNCTION 


GROUP ADVANCE RECEIVE 
GROUP ENABLE 


H FUNCTION 

0 HOLD 
1 LOAD 


Figure 10. 


Figure 11. Control Function Tables. 
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Am2915A 

Quad Three-State Bus Transceiver with Interface Logic 


Distinctive Characteristics 

• Quad high-speed LSI bus-transceiver 

• Three-state bus driver 

• Two-port input to D-type register on driver 

• Bus driver output can sink 48mA at 0.5V max. 

• Receiver has output latch for pipeline operation 


Three-state receiver outputs sink 12mA 
Advanced low-power Schottky processing 
3.5V minimum output high voltage for direct inter¬ 
face to IVI OS microprocessors 


FUNCTIONAL DESCRIPTION 

The Am2915A is a high-performance, low-power Schottky bus 
transceiver intended for bipolar or MOS microprocessor system 
applications. The device consists of four D-type edge-triggered 
flip-flops with a built-in two-input multiplexer on each. The 
flip-flop outputs are connected to four three-state bus drivers. 
Each bus driver is internally connected to the input of a 
receiver. The four receiver outputs drive four D-type latches 
that feature three-state outputs. 

This LSI bus transceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS inputs) 
are one LS unit load. The three-state bus output can sink up 
to 48mA at 0.5V maximum. The bus enable input (BE) is 
used to force the driver outputs to the high-impedance state. 
When BE is HIGH, the driver is disabled. The Vqh and Vql of 
the bus driver are selected for compatibility with standard and 
Low-Power Schottky inputs. 

The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls the 
four multiplexers. When S is LOW, the Aj data is stored in the 
register and when S is HIGH, the Bj data is stored. The buffered 
common clock (DROP) enters the data into this driver register 
on the LOW-to-HIGH transition. 

Data from the A or B inputs is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver out¬ 
put. Thus, data is non-inverted from driver input to receiver 
output. The four receivers each feature a built-in D-type latch 
t hat is controlled from the buffered receiver latch enable 
(RLE) input. When the RLE input is LOW, the latch is open 
and the receiver outputs will follow the b us inputs (BUS data 
inverted and OE LOW). When the RLE input is HIGH, the 
latch will close and retain the present data regardless of the 
bus input. The four latches have three-state outputs and are 
controlled by_a buffered common three-state control (OE) 
input. When OE is HIGH, the receiver outputs are in the high- 
impedance state. 


LOGIC SYMBOL 


4 3 8 9 16 15 20 21 



Vcc = Pifl 24 
GNDi = Pin 6 
GND 2 = Pin 18 

MPR-159 


CONNECTION DIAGRAM 
Top View 



Note: Pin 1 is marked for orientation. 


MPR-160 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential 

-0.5V to +7V 

DC Voltage Applied to Outputs for HIGH Output State 

—0.5V to +Vqq max. 

DC Input Voltage 

-0.5V to +7V 

DC Output Current, Into Outputs (Except Bus) 

30mA 

DC Output Current, Into Bus 

100mA 

DC Input Current 

—30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS 

The following conditions apply unless otherwise noted: 

Am2915AXC (COM'L) T/x = 0°C to+70°C Vqc MlN. = 4.75 V Vcq MAX. = 5.25 V 

Am2915AXM (MIL) =-55°C to+1 25°C Vqq MIN. = 4.50 V Vqc MAX. = 5.50 V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Parameters 

Description 

Test Conditions (Note 1 ) 

Min. 

Typ. 

Max. 

Units 

\/ r\ 1 

Bus Output LOW Voltage 

= MIN 


Iql = 24mA 



0.4 

Volts 

VOL 


VCC iVIllN. 


Iql = 48mA 



0.5 


Vo u 

Diie OiifrMlt MIOM 

1 COM'L, loH = -20mA 

\/ ^yliM __ 

0 A 



\/nltc 


DUO v^uipuL n 1 vjn voitaQ© 


MIL, loH = -15mA 




VUI lo 



— ^/l A Y 


Vq = 0.4 V 



-200 


•o 

Bus Leakage Current 
(High Impedance) 

VCC "" 'VIAA, 

Bus enabi© = 2,4 V 


Vq = 2.4 V 



50 

juA 





Vq =4.5V 



100 


•off 

Bus Leakage Current 
(Power OFF) 

Vq =4.5V 

Vcc = ov 



100 

^A 

V|H 

Receiver Input HIGH Threshold 

Bus enable = 2.4 V 

2.0 



Volts 

Vii 

RccGivcr Input LOW T*hr©shold 

Bus Gnsblo ~ 2 4 V 


COM'L 



0.8 


'' IL 




MIL 



0.7 


•sc 

Bus Output Short Circuit Current 

Vcc = MAX. 

\/« = n V 

-50 

-120 

-225 

mA 
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ELECTRICAL CHARACTERISTICS 

The following conditions apply unless otherwise noted: 

Am2915AXC (COM'L) = 0°C to+70°C Vqc = 4.75 V Vcc MAX. = 5.25 V 

Am2915AXM (MIL) = ~55°C to+1 25°C Vqc MIN. = 4.50 V Vcc MAX. = 5.50 V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Parameters 

Description 

Test Conditions (Note i) 

Min. 

(Note 2) 

Max. 

Units 


Receiver 

Output HIGH Voltage 

Vcc = min. 

MIL: IqH =-l OfTiA 


3.4 



VOH 

V|N = VjLor V|H 

COM'L 

•oh “ —2.6mA 

2.4 

3.4 


Volts 


Vcc = 5.0 V, Ioh'-ioomA 

3.5 





Output LOW Voltage 
(Except Bus) 

Vcc = min. 

V|N = V|L or V|H 

•OL “ 4.0mA 


0.27 

0.4 


VoL 

• OL ~ 8.0mA 


0.32 

0.45 

Volts 


•OL “ '•2mA 


0.37 

0.5 


V|H 

Input HIGH Level 
(Except Bus) 

Guaranteed input logical HIGH 
for all inputs 

2.0 



Volts 

V,L 

Input LOW Level 

Guaranteed input logical LOW 

MIL 



0.7 

Volts 

(Except Bus) 

for all inputs 


COM'L 



0.8 

Vi 

Input Clamp Voltage (Except Bus) 

Vcc = min., IjiM =-18mA 



-1.2 

Volts 

‘IL 

Input LOW Current (Except Bus) 


BE, RLE 



-0.72 

mA 

V iix, w. 


All other inputs 



-0.36 

»IH 

Input HIGH Current (Except Bus) 

Vcc = max., V||m = 2.7 V 



20 

juA 

h 

Input HIGH Current (Except Bus) 

Vcc = max., V||M ^ 7.0V 



100 

mA 

•sc 

Output Short Circuit Current 
(Except Bus) 

Vcc = max. 

-30 


-130 

mA 

•cc 

Power Supply Current 

Vcc = max. 


63 

95 

mA 

•o 

Off-State Output Current 

Vcc = max. 

Vo = 2.4 V 



50 

mA 

(Receiver Outputs) 

Vo = 0.4 V 



-50 


SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 





Am2915AXM 

Am2915AXC 


Parameters 

Description 

Test Conditions 

Min. 

Typ. 

(Note 2) 

Max. 

Min. 

Typ. 

(Note 2) 

Max. 

Units 

<PHL . 

Driver Clock (DRCP) to Bus 



21 

36 


21 

32 


<PLH 

Cl (BUS) = 50pF 


21 

36 


21 

32 


tZH.tZL 

Bus Enable (BE) to Bus 

Rl(BUS) = 130n 


13 

26 


. 13 

23 


♦HZ.tLZ 



13 

21 


13 

18 


ts 

Data Inputs (A or B) 


15 



12 




fh 


8.0 



6.0 




ts 

Select Input (S) 


28 



25 



ns 

th 


8.0 



6.0 



tpw 

Driver Clock (DRCP) Pulse Width 
(HIGH) 


20 



17 



ns 

tPLH 

Bus to Receiver Output 



18 

33 


18 

30 

ns 

tPHL 

(Latch Enable) 

Cl = 15pF 


18 

30 


18 

27 

tpLH 

Latch Enable to Receiver Output 

Rl = 2.0kn 


21 

33 


21 

30 

ns 

tPHL 



21 

30 


21 

27 

ts 

Bus to Latch Enable (RLE) 


15 



13 



ns 

th 


6.0 



4.0 



tZH.tzL 

Output Control to Receiver Output 



14 

26 


14 

23 


tHZL*LZ 

Cl = 5pF, RL = 2.0kn 


14 

26 


14 

23 



Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typicallimits are at Vqq = 5.0 V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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INPUTS 



INTERNAL 
TO DEVICE 

BUS 

OUTPUT 

FUNCTION 

s 

Aj 

Bj 

DRCP 

BE 

RLE 

01 

Dj 

Qi 

BUS) 

Bj 

x 

X 

X 

X 

H 

X 

X 

X 

X 

Z 

X 

Driver output disable 

x 

X 

X 

X 

X 

X 

H 

X 

X 

X 

Z 

Receiver output disable 

x 

X 

X 

X 

H 

L 

L 

X 

L 

L 

H 

Driver output disable and 

x 

X 

X 

X 

H 

L 

L 

X 

H 

H 

L 

receive data via Bus input 

x 

X 

X 

X 

X 

H 

X 

X 

NC 

X 

. X 

Latch received data 

L 

L 

X 

t 

X 

X 

X 

L 

X 

X 

X 


L 

H 

X 

t 

X 

X 

X 

H 

X 

X 

X 

Load driver register 

H 

X 

L 

t 

X 

X 

X 

L 

X 

X 

X 

H 

X 

H 

t 

X 

X 

X 

H 

X 

X 

X 


X 

X 

X 

L 

X 

X 

X 

NC 

X 

X 

X 

No driver clock restrictions 

X 

X 

X 

. H 

X 

X 

X 

NC 

X 

X 

X 


X 

X 

X 

X 

L 

X 

X 

L 

X 

H 

X 

Drive Bus 

X 

X 

X 

X 

L 

X 

X 

H 

X 

L 

X 



FUNCTIONAL TABLE 


= HIGH Z = HIGH Impedance X = Don’t care i = 0, 1, 2, 3 

= LOW NC = No change t = LOW to HIGH transition 


Metallization and Pad Layout 



DIE SIZE .074" X .130" 


DEFINITION OF FUNCTIONAL TERMS 

Aq.Ai, A 2 , A 3 The "A" word data input into the two 
input multiplexer of the driver register. 

Bq, B-j, B2, B 3 The "B" word data input into the two 
input multiplexers of the driver register. 

S Select. When the select input is LOW, the 

A data word is applied to the driver reg¬ 
ister. When the select input is HIGH, the 
B word is applied to the driver register. 


DROP 

BE 


Driver Clock Pulse. Clock pulse for the 
driver register. 

Bus Enable. When the Bus Enable is HIGH, 
the four drivers are in the high impedapce 
state. 


BUSq, bus^ 
BUS2, BUS3 

Ro» R 2 » R3 
mlE 


OE 


The four driver outputs and receiver in¬ 
puts (data is inverted). 

The four receiver outputs. Data from the 
bus is inverted while data from the A or B 
inputs is non-inverted. 

Receiver Latch Enable. When RLE is 
LOW, data on the BUS inputs is p assed 
through the receiver latches. When RLE 
is HIGH, the receiver latches are closed 
and will retain the data independent of 
all other inputs. 

Output Enable. When the OE input is 
HIGH, the four three state receiver out¬ 
puts are in the high-impedance state. 


ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Order Number 


Package Type 
(Note 1) 


Operating Range 
(Note 2) 


Screening Level 
(Note 3) 


AM2915APC 

P-24 

C 

C-1 

AM2915ADC 

D-24 

C 

C-1 

AM2915ADC-B 

D-24 

C 

B-1 

AM2915ADM 

D-24 

M 

C-3 

AM2915ADM-B 

D-24 

M 

B-3 

AM2915AFM 

F-24-1 

M 

C-3 

AM2915AFM-B 

F-24-1 

M 

B-3 

AM2915AXC 

Dice 

C 

\ Visual inspection 

AM2915AXM 

Dice 

M 

\ to MIL-STD-883 
j Method 201 OB. 


Notes; 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variatioris of the package may be used unless otherwise specified. 

2. C = OX to +70°C, Vcc = 4TSV to 5.25V, M = - 55°C to +125°C, Vcc 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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APPLICATIONS 



DATA ADDRESS CONTROL 

BUS BUS BUS 


The Am2915A is a universal Bus Transceiver useful for many system data, address, control and 
timing input/output interfaces. 
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Ann2916A 

Quad Three^State Bus Transceiver with Interface Logic 


Distinctive Characteristics 

• Quad high-speed LSI bus-transceiver • Receiver outputs sink 12mA 

• Three-state bus driver • Advanced low-power Schottky processing 

• Two-port input to D-type register on driver • 3 . 5 V minimum output high voltage for direct inter- 

• Bus driver output can sink 48mA at 0.5V max. face to MOS microprocessors 

• Internal odd 4-bit parity checker/generator 

• Receiver has output latch for pipeline operation 


FUNCTIONAL DESCRIPTION 

The Am2916A is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microprocessor 
system applications. The device consists of four D-type edge- 
triggered flip-flops with a built-in two-input multiplexer on 
each. The flip-flop outputs are connected to four three-state 
bus drivers. Each bus driver is internally connected to the 
input of a receiver. The four receiver outputs drive four D-type 
latches. The device also contains a four-bit odd parity checker/ 
generator. 

The LSI bus transceiver is fabricated using advanced low-power 
Schottky processing. All inputs (except the BUS inputs) 
are one LS unit load. The three-state bus output can sink 
up to 48mA at 0.5V maximum. The bus enable input (BE) is 
used to force the driver outputs to the high-impedance state. 
When BE is HIGH, the driver is disabled. 

The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Aj data is stored 
in the register and when S is HIGH, the Bj data is stored. The 
buffered common clock (DROP) enters the data into this 
driver register on the LOW-to-HlGH transition. 

Data from the A or B input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver out¬ 
put. Thus, data in non-inverted from driver input to receiver 
output. The four receivers each feature a built-in D-type latch 
t hat is controlled from the buffered receiver latch enable 
(RLE) input. When the RLE input is LOW, the latch is open 
and the receiver outp uts w ill follow the bus inputs (BUS data 
inverted). When the RLE input is HIGH, the latch will close 
and retain the present data regardless of the bus input. 

The Am2916A features a built-in four-bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the bus 
enable is LOW (driver enabled), odd parity is generated based 
on the A or B field data input to the driver register. When BE 
is.HIGH, the parity output is determined by the four latch 
outputs of the receiver. Thus-, if the driver is enabled, parity Is 
generated and if the driver is in the high-impedance state, the 
BUS parity is checked. 


LOGIC SYMBOL 


43 8 9 16 15 20 21 



Vqq = Pin 24 
GND^ = Pin 6 
GN D 2 = Pin 18 


MPR-167 


CONNECTION DIAGRAM 

Top View 


RLE 

• 

1 


24 

] ^CC 


*^0 CZ 

2 


23 

1 DROP 


BolZ 

3 


22 

Z]«3 


^oCI 

4 


21 

1 ^3 


BUSo [Z. 

5 


20 

Z]^3 


GNDi [Z 

BUS, Z2 

6 

7 

Am2916A 

19 

18 

^ BUSg 

I GNDj 



8 


17 

1 BUSj 



9 


16 



«iZ 

10 


15 

ZJ B2 


beC 

11 


14 

Z]R2 


ODD 

12 


13 

□ s 


Note: Pin 1 

is marked for 

orientation. 

MPR-168 
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LOGIC DIAGRAM 


SELECT S 



MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°C to+125''C 

Supply Voltage to Ground Potential 

-0.5V to +7V 

DC Voltage Applied to Outputs for HIGH Output State 

—0.5V to +Vqq max. 

DC Input Voltage 

-0.5V to +7V 

DC Output Current, Into Outputs (Except Bus) 

30mA 

DC Output Current, Into Bus 

100mA 

DC Input Current 

-30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS 

Tha following conditions apply unless otherwise noted: 

Am2916AXC (COM'L) = 0°C to+70°C V^c M* N- = 4.75 V Vcc MAX. = 5.25 V 

Am2916AXM (MIL) Ta =-55°C to+1 25°C Vcc Ml N. = 4.50 V VccMAX. = 5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions (Note i) Min. Typ. Max. Units 


VOL 

Bus Output LOW Voltage 

Vcc = min. 

Iql “ 24mA 



0.4 

Volts 

• OL = 48mA 



0.5 

VOH 

Bus Output HIGH Voltage 

Vcc = min. 

COM'L, Iqh = -20mA 

2.4 



Volts 

MIL, Iqh = —15mA 

•o 

Bus Leakage Current 
(High Impedance) 

Vcc = max. 

Bus enable = 2.4 V 

Vo = 0.4V 



-200 

mA 

Vq = 2.4 V 



50 

Vq = 4.5V 



100 

•off 

Bus Leakage Current 
(Power OFF) 

Vq =4.5V 

Vcc = 0V 



100 

mA 

V|H 

Receiver Input HIGH Threshold 

Bus enable = 2.4 V 

2.0 



Volts 

V|L 

Receiver Input LOW Threshold 

Bus enable = 2.4 V 

COM'L 



0.8 

Volts 

MIL 



0.7 

•sc 

Bus Output Short Circuit Current 

Vcc = max. 

Vq = 0V 

-50 

-120 

i 

L.--- 

-225 

mA 
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ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 

Am2916AXC (COM'U) Ta = 0°C to+70°C VccM'N. = 4.75V VecMAX. = 5.25V 

Am2916AXM (MIL) =-55°C to+1 25°C Vcc MIN. - 4.50 V VccMAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Parameters Description Test Conditions (Note i) Min. (Note 2 ) Max. Units 


^OH 

Receiver 

Output HIGH Voltage 

Vcc = min. 

V|N = V|L or V|H' 

MIL: Iqh = -l-OmA 

2.4 

3.4 


Volts 

COM'L; Iqh “ —2.6mA 

2.4 

3.4 


Vcc = 5.0V, Ioh = -100mA 

3.5 



Vqh 

Parity 

Output HIGH Voltage 

Vqc MIN., Iqh ~ —660/uA 

VtN = V|HorV|L 

MIL 

2.5 

3.4 


Volts 

COM'L 

2.7 

3.4 


Vql 

Output LOW Voltage 
(Except Bus). 

Vcc = min. 

VlN = V|L or V|H 

lOL “ 4.0mA 


0.27 

0.4 

Volts 

lOL ” 8.0mA 


0.32 

0.45 

*OL “ 12mA 


0.37 

0.5 

vm 

Input HIGH Level 
(Except Bus) 

Guaranteed input logical HIGH 
for all inputs 

2.0 



Volts 

v,L 

Input LOW Level 
(Except Bus) 

Guaranteed input logical LOW 
for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

Vl 

Input Clamp Voltage (Except Bus) 

Vcc = min., I|N =-18mA 



-1.2 

Volts 

hL 

Input LOW Current (Except Bus) 

Vcc = max., V|n =0.4V 

BE, RLE 



-0.72 

mA 

All other inputs 



-0.36 

liH 

Input HIGH Current (Except Bus) 

Vcc = max., V||\| = 2.7 V 



20 

mA 

•i 

Input HIGH Current (Except Bus) 

Vcc = max.. Vim = 7 . 0 v 



100 

mA 

•sc 

Output Short Circuit Current 
(Except Bus) 

Vcc = max. 

RECEIVER 

-30 


-130 

mA 

PARITY 

-20 


-100 

'cc 

Power Supply Current 

Vcc = max.. All Inputs = GND 


75 

110 

mA 


SWITCHING CHARACTERISTICS OVER 
OPERATING TEMPERATURE RANGE 
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Am2916AXC 


Parameters 

Description 

Test Conditions 

Min. 

Typ. 

(Note 2) 

Max. 

Min. 

Typ. 

(Note 2) 

Max. 

Units 

IPHL 

Driver Clock (DRCP) to Bus 



21 

36 


21 

32 

ns 

IPLH 

Cl (BUS) = 50pF 


21 

36 


21 

32 

tZH.tzL 

Bus Enable (BE) to Bus 

Rl(BUS) = 130^2 


13 

26 


13 

23 

ns 

^HZ. tLZ 



13 

21 


13 

18 

ts 

Data Inputs (A or B) 


15 



12 



ns 

th 


8.0 



6.0 



^s 

Select Inputs (S) 


28 



25 




th 


8.0 



6.0 




tpw 

Clock Pulse Width (HIGH) 


20 



17 



ns 

tPLH 

Bus to Receiver Output 



18 

33 


18 

30 


IPHL 

(Latch Enabled) 



18 

30 


18 

27 


tPLH 

Latch Enable to Receiver Output 



21 « 

33 


21 

30 

ns 

IPHL 



21 

30 


21 

27 

Is 

Bus to Latch Enable (RLE) 


15 



13 



ns 

th 

Cl=15pF 

6.0 



4.0 



tPLH 

A or B Data to Odd Parity Output 

Rl = 2.0kl2 


32 

46 


3.2 

42 

ns 

tPHL 

(Driver Enabled) 



26 

40 


26 

36 

tpLH 

Bus to Odd Parity Output 



21 

36 


21 

32 

hs 

tpHL 

(Driver Inhibited, Latch Enabled) 



21 

36 


21 

32 

tPLH 

Latch Enable (RLE) to 



21 

36 


21 

32 


tpH L 

Odd Parity Output 



21 

36 


21 

32 



Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typicallimits are at Vqq = 5.0 V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test shoul not exceed one second. 
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INPUT/OUTPUT CURRENT 
INTERFACE^ONDITIONS 



Note: Actual current flow direction shown. 


MPR-170 


SWITCHING TEST CIRCUIT 



MPR-171 


SWITCHING WAVEFORMS 



Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 


MPR-172 
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FUNCTION TABLE 


Metallization and Pad Layout 


INPUTS 

INTERNAL 
TO DEVICIt 

BUS 

OUTPUT 

FUNCTION 

S 

Ai 

Bi 

DROP 

m 


5i 


Qi 

BOSj 

Rj 

X 

X 

X 

X 

H 

X 

X 

.X 

X 

Z 

X 

Driver output disable 

X 

X 

X 

X 

X 

X 

H 

X 

X 

X 

Z 

Receiver output disable 

X 

X 

X 

X 

H 

L 

L 

X 

L 

L 

H 

Driver output disable and 

X 

X 

X 

X 

H 

L 

L 

X 

H 

H 

L 

receive data via Bus input 

X 

X 

X 

X 

X 

H 

X 

X 

NC 

X 

X 

Latch received data 

L 

L 

X 

t 

X 

X 

X 

L 

X 

X 

X 



H 

X 

t 

X 

X 

X 

H 

X 

X ! 

X 

Load driver register 

H 

X ' 

L 

t 

X 

X 

X 

L 

, X 

X 

X 

H 

X 

H 

. t ! 

X 

X 

X 

H 

X 

X 

X 


X 

—I 

X 

X 

L 

X 

X 

X 

NC 

X 

X 

X 

No driver clock restrictions 

X 

X 

X 

H 

X 

X 

X 

NC 

X 

X 

X 


X 

X 

X 

X 

L 

X 

X 

L ! 

X 

H 

X 

Drive Bus 

X 

X 

-L 

X 

L 

X 

X 

H 

X 

L 

X 



H = HIGH Z = HIGH Impedance X = Don't care i = 0. 1, 2, 3 

L = LOW NC = No change t = LOW to HIGH transition 


mlE 1 


RO 

2 

So 

3 

Ao 

4 

BUSo 

6 

GNDi 

6 

BUSi 

7 


8 

Bi 

9 

Ri 

10 

BE 

11 



ODD 


DROP 

R3 

B3 

A3 

BUS3 

GND2 

BUS2 

^2 

R2 

S 


'DIE SIZE .074" X .130" 


DEFINITION OF FUNCTIONAL TERMS 

Aq, A'j, A2, A3 The "A" word data input into the two 
input multiplexer of the driver register. 

Bq, 83, B3 The "B" word data input into the two 
input multiplexers of the driver register. 

S Select. When the select input is LOW, the 

A data word is applied to the driver reg¬ 
ister. When the select input is HIGH, the 
B word is applied to the driver register. 

DROP Driver Clock Pulse. Clock pulse for the 

driver register. 

BE Bus Enable. When the Bus Enable is HIGH, 

the four drivers are in the high impedance 
state. 


BUSo, BUSi The four driver outputs and receiver in- 
bOS 2, BUS3 puts {data is inverted). 


Rq, Ri, R 2, R3 The four receiver outputs. Data from the 
bus is inverted while data from the A or B 
inputs is non-inverted. 

RLE Receiver Latch Enable. When RLE is 

LOW, data on the BUS inputs is p assed 
through the receiver latches. When RLE 
is HIGH, the receiver latches are closed 
and will retain the data independent of 
all other inputs. 

OE Output Enable. When the OE input is 

HIGH, the four three state receiver out¬ 
puts are in the high-impedance state. 


ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Order Number 

Package Type 
(Note 1) 

Operating Range 
(Note 2) 

Screening Level 
(Note 3) 

AM2916APC 

P-24 

C 

' C-1 

AM2916ADC 

D-24 

C 

C-1 

AM2916ADC-B 

D-24 

C 

B-1 

AM2916ADM 

D-24 

M 

C-3 

AM2916ADM-B 

D-24 

M 

B-3 

AM2916AFM 

F-24-1 

M 

C-3 

AM2916AFM-B 

F-24-1 

M 

B-3 

AM2916AXC 

Dice 

G 

] Visual inspection 
i to MIL-STD-883 

AM2916AXM 

Dice 

M 

) Method 201 OB. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C - 0°C to +70°C, Vcc = 4.75V to 5.25V, M = - 55°C to +125°C, Vqc = 4.50V to 5.56v. 

3. See Appendix A for details of screening. Levels G-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
' Class B. 


5-192 



Am2916A 










Am2917A 

Quad Three-State Bus Transceiver with Interface Logic 


Dist i ncti ve Characteristics 

• Quad high-speed LSI bus-transceiver 

• Three-state bus driver 

• D-type register on driver 

• Bus driver output can sink 48mA at 0.5V max. 

• Internal odd 4-bit parity checker/generator 

• Receiver has output latch for pipeline operation 


• Three-state receiver outputs sink 12mA 

• Advanced low-power Schottky processing 

• 3.5V minimum output high voltage for direct inter¬ 
face to MOS microprocessors 


FUNCTIONAL DESCRIPTION 

The Am2917A is a high-performance, low-power Schottky bus 
transceiver intended for bipolar or IVIOS microprocessor system 
applications. The device consists of four D-type edge-triggered 
flip-flops. The flip-flop outputs are connected to four three- 
state bus drivers. Each bus driver is internally connected to the 
input of a receiver. The four receiver outputs drive four D-type 
latches, that feature three-state outputs. The device also con¬ 
tains a four-bit odd parity checker/generator. 

The LSI bus transceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS inputs) 
are one LS unit load. The three-state bus output can sink up to 
48mA at 0.5V maximum. The bus enable input (BE) is used to 
force the driver outputs to the high-impedance state. When BE 
is HIGH, the driver is disabled. 

The input register consists of four D-type flip-flops with a 
buffered common clock. The buffered common clock (DROP) 
enters the Aj data into this driver register on the LOW-to- 
HIGH transition. 

Data from the A input is inverted at the BUS output. Like¬ 
wise, data at the BUS input is inverted at the receiver output. 
Thus, data is non-inverted from driver input to receiver output. 
The four receivers each feature a built-in D-type latch t hat i s 
controlled from the buffered receiver latch enable (RLE) 
input. When the RLE input is LOW, the latch is open and the 
receiver outputs will follo w the bus inputs (BUS data Inverted 
and OE LOW). When the RLE input is HIGH, the latch will 
close and retain the present data regardless of the bus input. 
The four latches have three-state outputs and are controlled 
by a buffered common three-state control (OE) input. When 
OE is HIGH, the receiver outputs are in the high-impedance 
state. 

The Am2917A features a built-in four-bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is In the generate or check mode. When the bus 
enable is LOW (driver enabled), odd parity is generated based 
on the A field data input to the driver register. When BE is 
HIGH, the parity output is determined by the four latch out¬ 
puts of the receiver. Thus, if the driver is enabled, parity is 
generated and if the driver is in the high-impedance state, the 
BUS parity is checked. 


LOGIC SYMBOL 


3 1 13 17 



V 0 Q — Pin 20 
GND-i = Pin 5 
GND 2 = Pin 15 

MPR-175 


CONNECTION DIAGRAM 
Top View 



Note; Pin 1 is marked for orientation. 
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1 O—^ 

2 O-^- 


3 O— 


A 


DRCP O— 

BE O— 


LOGIC DIAGRAM 


BUSq bus, BUSj BUS3 

L J I 








>- 




— U Q 



■iH 






->-Hd q 



-^0-00 



—o^|——o 


_ RECEIVER 

RLE LATCH 
ENABLE 


MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential 

-0.5 V to+7 V 

DC Voltage Applied to Outputs for HIGH Output State 

-0.5 V to +Vcc 

DC Input Voltage 

-0.5 V to +7 V 

DC Output Current, Into Outputs (Except BUS) 

30 mA 

DC Output Current, Into Bus 

100 mA 

DC Input Current 

-30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS 

The following conditions apply unless otherwise noted: 

Am2917AXC (COM'L) = 0°C to+70'’C VccMlN. = 4.75 V V^cMAX. = 5.25 V 

Am2917AXM (MIL) = -55°C to +1 25°C Vqc Ml N. = 4.50 V VccMAX. = 5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Parameters 

Description 

Test Conditions (Note i) 

Min. 

Typ. 

Max. 

Units 

VoL 

Bus Output LOW Voltage 

Vcc = MIN. 

Iql “ 24mA 



0.4 

Volts 

•OL = 48mA 



0.5 

VOH 

Bus Output HIGH Voltage 

Vcc ~ MIN. 

COM'L, Iqh = -20mA 

2.4 



Volts 

MIL, Iqh = -15mA 




Bus Leakage Current 
(High Impedance) 

Vcc = max. 

Bus enable = 2.4 V 

Vq = 0.4 V 



-200 


•0 

Vo = 2.4 V 



50 

mA 


Vq =4.5V 



100 


•off 

Bus Leakage Current 
(Power OFF) 

Vq =4.5V 

Vcc = ov 



100 


V|H 

Receiver Input HIGH Threshold 

Bus enable = 2.4 V 

2.0 



Volts 

V|L 

Receiver Input LOW Threshold 


COM'L 



0.8 

Volts 



MIL 



0.7 

•sc 

Bus Output Short Circuit Current 

Vcc = max. 

Vq = 0V 

-50 

-120 

-225 

mA 
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Am2917A 

ELECTRICAL CHARACTERISTICS 

The following conditions apply unless otherwise noted: 

Am2917AXC (COM'L) = 0°C to+70°C MlN. = 4.75V VccMAX. = 5.25 V 

Am2917AXM (MIL) =-55“c to+125°C V^cMlN. = 4.50V V^cMAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Parameters 

Description 

Test Conditions (Note 1) 

Min. 

(Note 2) 

Max. 

Units 


Receiver 

Output HIGH Voltage 

Vcc = MIN. 

MIL: Iqh ~ -^I.OmA 

2.4 

3.4 



VOH 

V|N = V|L or V|H 

COM'L 

•oh = -2.6 mA 

2.4 

3.4 


Volts 


Vcc = 5.0 V, I OH == -lOOjuA 

3.5 




VOH 

Parity 

Voc = MIN., Iqh “ —660iuA 

MIL 

2.5 

3.4 


Volts 

Output HIGH Voltage 

V|N = V|H or V|L 


COM'L 

2.7 

3.4 



Output LOW Voltage 
(Except Bus) 

Vcc = min. 

V|N = V|L or V|H 

•OL “ 4 0mA 


0.27 

0.4 


VOL 

Iql = 8.0mA 


0.32 

0.45 

Volts 


•OL ~ 12mA 


0.37 

0.5 


V|H 

Input HIGH Level 
(Except Bus) 

Guaranteed input logical HIGH 
for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 

MIL 



0.7 

Volts 

(Except Bus) 

for all inputs 


COM'L 



0.8 

V, 

Input Clamp Voltage (Except Bus) 

Vcc = min., I|N =-18mA 



-1.2 

Volts 

«IL 

Input LOW Current (Except Bus) 


BE, RLE 



-0.72 

mA 



All other inputs 



-0.36 

«IH 

Input HIGH Current (Except Bus) 

Vcc = max., V||VJ = 2.7 V 



20 

mA 

11 

Input HIGH Current (Except Bus) 

Vcc = MAX., V|N = 7.0V 



100 

mA 

•sc 

Output Short Circuit Current 

Vcc = max. 

RECEIVER 

o 

CO 

1 


-130 

mA 

(Except Bus) 

PARITY 

-20 


-100 

'cc 

Power Supply Current 

Vcc = max. 


63 

95 

mA 

•o 

Off-State Output Current 

Vcc = max. 

Vo = 2.4 V 



50 

ma 

(Receiver Outputs) 

Vo = 0.4 V 



-50 


SWITCHING CHARACTERISTICS OVER 
OPERATING TEMPERATURE RANGE 





Am2917AXM 

Am2917AXC 


Parameters 

Description 

Test Conditions 

Min. 

Typ. 

(Note 2) 

Max. 

Min. 

Typ. 

(Note 2) 

Max. 

Units 

*PHL 

Driver Clock (DRCP) to Bus 



21 

36 


21 

32 

ns 

IPLH 

Cl (BUS) = 50pF 


21 

36 


21 

32 

IZH.tZL 

Bus Enable (B¥) to Bus 

Rl (BUS) = 130n 


13 

26 


13 

23 

ns 

tHZ.tLZ 



13 

21 


13 

18 


A Data Inputs 


15 



12 



ns 

th 

, 

8.0 



6.0 



tpw 

Clock Pulse Width (HIGH) 


20 



17 



ns 

IPLH 

Bus to Receiver Output 



18 

33 


18 

30 

ns 

IPHL 

(Latch Enabled) 



18 

30 


18 

27 

IPLH 

Latch Enable to Receiver Output 



21 

33 


21 

30 

ns 

IPHL 



21 

30 


21 

27 

Is 

Bus to Latch Enable (RLE) 

Cl = 15pF 

RL = 2.0kn 

15 



13 



ns 


6.0 



4.0 



IPLH 

A Data to Odd Parity Out 


32 

46 


32 

42 

ns 

*PHL 

(Driver Enabled) 



26 

40 


26 

36 

IPLH 

Bus to Odd Parity Out 



21 

36 


21 

32 


<PHL 

(Driver Inhibit) 



21 

36 


21 

32 


IPLH 

Latch Enable (RLE) to Odd 



21 

36 


21 

32 

ns 

IPHL 

Parity Output 



21 

36 


21 

32 

tZH.tZL 

Output Control to Output 



14 

26 


14 

23 

ns 

tHZ^^LZ 

Cl = 5pF, RL~2 .0kli 


14 

26 


14 

23 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqc = 5.0 V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 


MPR-178 


SWITCHING TEST CIRCUIT 



MPR-179 


SWITCHING WAVEFORMS 


/ ^_£ 


r'- 


-i 


H—I I- 








3.0V 

1.3V 

OV 

3.0V 

1.3V 

OV 

1.3 V 
'^OL 

Vqh 

1.3V 


Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 


MPR-180 
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FUNCTION TABLE 


Metallization and Pad Layout 



INPUTS 


INTERNAL 
TO DEVICE 

— 

BUS 

OUTPUT 

FUNCTION 

Aj 

DRCP 

BE 

RtE 

OE 

L>i 

Qi 

BUSi 

Ri 

~>r 

X 

H 

X 

X 

X 

X 

z 

X 

Driver output disable 

IT 

X 

X 

X 

H 

X 

X 

X 

z 

Receiver output disable 

X 

X 

H 

L 

L 

X 

L 

L 

H 

Driver output disable and 

X 

X 

H 

L 

L 

X 

H 

H 

L 

receive data via Bus input 

~>r 

X 

X 

H 

X 

X 

•NC 

X 

X 

Latch received data 

L 

t 

X 

X 

X 

L 


X 

X 

Load driver register 

H 

t 

X 

X 

X 

H 

X 

X 

X 

X 

L 

X 

X 

X 

NC 

■ ^ 

X 

X 

No driver clock restrictions 

X 

H 

X 

X 

X 

NC 

X 

X 

X 


X 

X 

L 

X 

X 

L 

X 

H 

X 

Drive Bus 

X 

X 

L 

X 

X 

H 

X 

L 

X 



H = HIGH Z = HIGH Impedance X = Don’t care i = 0. 1, 2, 3 

L = LOW NC = No change t = LOW to HIGH transition 


RLE 


Ro 


_Ao 

BUSo 

GNDi 

BUSi 

Al 


Rl 


BE 


2 

3 

4 

5 

6 


9 


vcc 


20 



10 L 
ODD 


19 DROP 

18 R3 

17 A3 
16 bDS3 

15 GND2 

14 BUS2 
13 A2 

12 R2 

11 M 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the de¬ 
sired package, temperature range, and screening level. 


Order 

Number 

Package 
Type 
(Note 1) 

Operating 
Range 
(Note 2) 

Screening 

Level 
(Note 3) 

AM29t7APC 

P-20 

C 

C-t 

AM2917ADC 

D-20 

C 

C-1 

AM2917ADC-B 

D-20 

c 

B-1 

AM2917ADM 

D-20 

M 

C-3 

AM2917ADM-B 

D-20 

M 

B-3 

.AM2917AFM 

F-20 

M 

C-3 

AM2917AFM-B 

F-20 

M 

B-3 

AM2917AXC 

Dice 

C 

\ Visual inspection 

J to MIL-STD-883 

AM2917AXM 

Dice 

M 

j Method 2010B. 


Notes: 

1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow¬ 
ing letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the var¬ 
iations of the package may be used unless otherwise specified. 

2. C = 0°C to +70°C, Vcc = 4.75V to 5.25V. 

M = -55°C to +125°C, Vcc = ^-^OV to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 con¬ 
form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD- 
883, Class B. 


DIE SIZE .074” X .130” 


DEFINITION OF FUNCTIONAL TERMS 

DRCP Driver Clock Pulse. Clock pulse for the driver register. 

BE Bus Enable. When the Bus Enable is HIGH, the four 
drivers are in the high impedance state. 

BUSo, BUSi, BUS 2 , BUS 3 The four driver outputs and 
receiver inputs (data is inverted). 

Rq. RT R 2 / R 3 The four receiver outputs. Data from the 
bus is inverted while data from the A inputs is non-inverted. 

RLE Receiver Latch Enable. When RLE is LOW, data o n the 
BUS inputs is passed through the receiver latches. When RLE 
is HIGH, the receiver latches are closed and will retain the 
data independent of all other inputs. 

ODD Odd parity output. Generates parity with the driver 
enabled, checks parity with the driver in the high-impedance 
state. 

OE Output Enable. When the OE input is HIGH, the four 
three-state receiver outputs are in the high-impedance state. 


PARITY OUTPUT FUNCTION TABLE 



ODD PARITY OUTPUT 

L 

ODD = Aq ® Ai ® A 2 ® A 3 

H 

ODD = Qq ® Qi ® 02 ® Q 3 
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APPLICATIONS 



The Am2917A can be used as an I/O Bus Transceiver and Main Memory I/O Transceiver 
in high-speed Microprocessor Systems. 
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Am2918 

Quad D Register with Standard and Three-State Outputs 


Distinctive Characteristics , three-state outputs 

• Advanced Schottky technology • 75 MHz clock frequency 

• Four D-type flip-flops 

• Four standard totem-pole outputs 


FUNCTIONAL DESCRIPTION 


LOGIC DIAGRAM 


New Schottky circuits such as the Am2918 register provide the 
design engineer with additional flexibility in system configura¬ 
tion — especially with regard to bus structure, organization 
and speed. The Am2918 is a quadruple D-type register with 
four standard totem pole outputs and four three-state bus-type 
outputs. The 16-pin device also features a buffered common 
clock (CP) and a buffered common output control (OE) for the 

Y outputs. Information meeting the set-up and hold require¬ 
ments on the D inputs is transferred to the Q outputs pn the 
LOW-to-HIGH transition of the clock. 

The same data as on the Q outputs is enabled at the three-state 

Y outputs when the “output control" (OE) input is LOW. 
When the OE input is HIGH, the Y outputs are in the high- 
impedance state. 

The Am2918 register can be used in bipolar microprocessor 
designs as an address register, status register, instruction reg¬ 
ister or for various data or microword register applications.' 
Because of the unique design of the three-state output, the de¬ 
vice features very short propagation delay from the clock to 
the Q or Y outputs. Thus, system performance and archi¬ 
tectural design can be improved by using the Am2918 register. 
Other applications of Am2918 register can be found in micro¬ 
programmed display systems, communication systems and 
most general or special purpose digital signal processing 
equipment. 


RELATED PRODUCTS 

Part No. Description 

Am29LS18 Low Power Version 

Am2919 Quad Register 


CONNECTiON DiAGRAMS - Top Views 

Leadiess Chip Carrier 
L-20-1 




Note: Pin 1 is marked for orientation. 



STANDARD 

OUTPUTS 


THREE-STATE 

OUTPUTS 


MPR-183 


ORDERING iNFORMATiON 


Order the part number according to the table below to obtain 
the desired package, temperature range and screening level. 


Order Number 

Package 

Type 

(Note 1) 

Operating 

Range 

(Note 2) 

Screening 

Level 

(Note 3) 

AM2918PC 

P-16 

C 

C-1 

AM2918DC 

D-16 

C 

C-1 

AM2918DC-B 

D-16 

C 

B-1 

AM2918DM 

D-16 

M 

C-3 

AM2918DM-B 

D-16 

M 

B-3 

AM2918FM 

F-16 

M 

C-3 

AM2918FM-B 

F-16 

M 

B-3 

AM2918LC 

L-20-1 

C 

C-1 

AM2918LC-B 

L-20-1 

C 

B-1 

AM2918LM 

L-20-1 

M 

C-3 

AM2918LM-B 

L-20-1 

M 

B-3 

AM2918XC 

Dice 

c 1 

Visual inspection 

AM2918XM 

Dice 

M J 

to MIL-STD-883. 
Method 201 OB. 


Notes; 1. P = Molded DIP, D = Hermetic DIP, L = Chip-Pak, F = 
Flat-Pak. Number following letter is number of leads. See 
Appendix B for detailed outline. Where Appendix B contains 
several dash numbers, any of the variations of the package 
may be used unless otherwise specified. 

2. C = O to +70°C, Vcc = 4.75 to 5.25V, M = -55to +125°C, 
Vcc = 4.50 to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 
conforrh to MIL-STD-883, Class C. Level B-3 conforms to 
MIL-STD-883, Class B. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 

Am2918 

Storage Temperature 

-65°C to+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

-0.5V to +7V 

DC Voltage Applied to Outputs for HIGH Output State 

—0.5V to +Vcc rnax. 

DC Input Voltage 

-0.5V to+5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

—30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am2918XC = O^C to + 70‘'C V^c = 5.0V + 5% (COM'L) MIN, = 4.75V MAX. = 5.25V 

Am2918XM = -55°C to +1 25"C V^c = 5.0V t 10% (Ml L) MIN. = 4.5V MAX. = 5.5V 

Typ. 

Parameters Description Test Conditions (Note i) Min. (Note 2) Max. Units 


I 

o 

> 

Output HIGH Voltage 

Vec = MIN., 

V|N = V|H or V|L 

Q Iqh = -1mA 

MIL 

2.5 

3.4 


Volts 

COM'L 

2.7 

3.4 


Y 

XM, Iqh = -2mA 

2.4 

3.4 


XC, Iqh = -6.5mA 

2.4 

3.4 


VoL 

Output LOW Voltage (Note 6) 

Vcc = min., Iql = 20mA 

V|N = ViH or V|i_ 



0.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH' 
voltage for all inputs 

2.0 



Volts 

VlL 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min., I|m = -18mA 



-1.2 

Volts 

hL 

(Notes) 

Input LOW Current 

Vcc = max., V|m = 0.5V 



-2.0 

mA 

l|H 

(Note 3) 

Input HIGH Current 

Vcc = max., V|N = 2.7V 



50 

mA 

l| 

Input HIGH Current 

Vcc = max., V|M = 5.5V 



1.0 

mA 

•o 

Y Output Off-State 

Leakage Current 

Vcc = IVIAX. 

Vq = 2.4V 



50 

mA 

Vq = 0.4V 



-50 

•sc 

Output Short Circuit Current 
(Note 4) 

Vcc = max. 

-40 


-100 

mA 

•cc 

Power Supply Current 

Vcc = max. (Note 5) 


80 

130 

mA 


Notes: 1. 
2 . 

3. 

4. 

5. 

6 . 


For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
Typical limits are at Vqq = 5.0V, = 25°C ambient and maximum loading. 

Actual input currents = Unit Load Current x Input Load Factor (see Loading Rules). 

Not more than one output should be shorted at a time. Duration of the short circuit test shoud not exceed one second. 

Ice is measured with all inputs at 4.5V and ail outputs open. 

Measured on Q outputs with Y outputs open. Measured on Y outputs with Q outputs open. 


Switching Characteristics (Ta = +25°C, Vec = 5.0V, Rl = 280^2) 


Parameters 

Description 


Test Conditions 

Min. 

Typ. 

Max. 

Units 

<plh 

Clock to Q Output 



6.0 

9.0 

ns 

tPHL 



8.5 

13 

tpw 

Clock Pulse Width 

HIGH 


7.0 




LOW 


9.0 





Data 

Cl = 15pF 

5.0 



ns 

th 

Data 


3.0 



ns 

tPLH 

Clock to Y Output 




6.0 

9.0 


*PHL 

(OE LOW) 




8.5 

13 


tZH 

. 1 



Cl = 15pF 


12.5 

19 


<2L 

Output Control to Output 


12 

18 

ns 

'HZ 

Cl = 5.0 pF 


4.0 

6.0 

'LZ 




7.0 

10.5 


'max 

Maximum Clock Frequency 

Cl = 15pF 

75 

100 


MHz 
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tRUTH TABLE 


INPUTS 

OUTPUTS 

NOTES 

OE 

CLOCK 

CP 

0 

Q 

Y 

H 

L 

X 

NC 

Z 

_ 

H 

H 

X 

NC 

Z 

— 

H 

t 

L 

L 

z 

— ' 

H 

t 

H 

H 

z 


L 

t 

L 

L 

L 

_ ^ 

L 

t 

H 

H 

H 


L 

— 

— 

L 

L 

1 

L 

- 

- 

H 

H 

1 


LOW 

NC = No change 

HIGH 

t = LOW to HIGH transition 

Don't care 

Z “ High impedance 


Note: 1. When OE is LOW, the Y output will be in the same logic 
state as the Q output. 


DEFINITION OF FUNCTIONAL TERMS 

Dj The four data inputs to the register. 

Q| The four data outputs of the register with standard 
totem-pole active pull-up outputs. Data is passed non- 
inverted. 

Yj The four three-state data outputs of the register. When 
the three-state outputs are enabled, data is passed non- 
inverted. A HIGH on the "output control" input forces the 
Yj outputs to the high-impedance state. 

CP Clock. The buffered common clock for the register. 
Enters data on the LOW-to-HIGH transition. 

OE Output Control. When the OE input is HIGH, the Yi 
outputs are in the high-impedance state. When the OE input 
is LOW, the TRUE register data is present at the Yj outputs. 


LOADING RULES (in Unit Loads) 


Fan-out 


Input/Output 

Pin No/s 

Input 
Unit Load 

Output 

HIGH 

Output 

LOW 

Do 

1 

1 

- 

- 

Qo 

2 

- 

20 

10* 

YO 

3 

- 

40/130 

10* 

Dl 

4 

1 

- 


Qi 

5 

- 

20 

10* 

Yl 

6 

- 

40/130 

10* 

OE 

7 

1 

- 

- 

GND 

8 

- 

- 

- 

CP 

9 

1 

- 

- 

Y2 

10 

_ 

40/130 

10* 

02 

11 

- 

20 

10* 

D 2 

12 

1 

- 

- 

Y 3 

13 

- 

40/130 

10* 

Q 3 

14 

- 

20 

10* 

D 3 

15 

1 

- 

- 

Vcc 

16 

- 

- 

, - 


A Schottky TTL Unit Load is defined as 50juA measured at 2.7V 
HIGH and —2.0mA measured at 0.5V LOW. 

*Fan-out on each Qj and Yj output pair should not exceed 15 unit 
loads.OOmA) for i = 0, 1, 2, 3. 


METALLIZATION AND PAD LAYOUT 



Oi 7- 1 i I - 9 

GND 


Ds 


Qs 


V3 


O2 

Q2 




CP 


DIE SIZE 0.070" X 0.072" 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 

MPR-186 
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APPLICATIONS 




The Am2918 as a 4'Bit The Am2918 used as data-in, data-out 

status register and address registers. 


MPR-187 


BUS A 



CLOCK 



OUTPUT 

CONTROL 



CLOCK 



OUTPUT 

CONTROL 


BUSB 


The Am2918 can be connected for bi-directional interface between two buses. The device on the left 
stores data from the A-bus and drives the A-bus. The device on the right stores data from the B-bus and 
drives the A-bus. The output control is used to place either or both drivers in the high-impedance state. 

The contents of each register are available for continuous usage at the N and M ports of the device. 

MPR-188 


SERIAL 

DATA 

IN 


CLOCK 

BUS 

CONTROL 


^ A A f 


A4 Ag Ag 

A -jii-if].. 


Dq Qq D-j Q-j D2 Q2 U3 Q3 



Oq Qq d, q, D2 Q2 03 Q3 

CP 



CP 

Am2918 



Am2918 

OE 



-0 

OE 

Yq Y2 Y3 




Yq Y^ Y2 Y3 


SERIAL 

DATA 

OUT 


Wq W, W2 W3 


W4 Wg Wg Wy 


8 -Bit serial to parallel converter with three-state output (W) and direct access to the register word (X). 


MPR-189 
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Quad D Register with Standard and Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 

• Low-power Schottky version of the popular Am2918 

• Four standard totem-pole outputs 

• Four three-state outputs 

• Four D-type flip-flops 


RELATED PRODUCTS 


Am25S18 

Am25LS2518 

Am25LS2519 


Description 

Quad D Register 
Quad D Register 
Quad Register 


FUNCTiONAL DESCRiPTiON 

The Am29LS18 consists of four D-type flip-flops with a buf¬ 
fered common clock. Information meeting the set-up and hold 
requirements on the D inputs is transferred to the Q outputs 
on the LOW-to-HIGH transition of the clock. 

The same data as on the Q outputs is enabled^the three- 
state Y outputs j^en the "output control" (OE) input Is 
*LOW. When the OE input Is HIGH, the Y outputs are in the 
high-impedance state. 

The Am29LS18 Is a 4-bit, high-speed register Intended for use 
in real-time signal processing systems where the standard out¬ 
puts are used In a recursive algorithm and the three-state 
outputs provide access to a data bus to dump the results after 
a number of iterations. 

The device can also be used as an address register or status 
register in computers or computer peripherals. 

Likewise, the Am29LS18 is also useful in certain display 
applications where the standard outputs can be decoded to 
drive LED's (or equivalent) and the three-state outputs are bus 
organized for occasional interrogation of the data as displayed. 



Note: Pin 1 is marked for orientation. 










Am29LS18 


ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM'L = 0°C to+70°C Vcc = 5 0^ ±5% (MIN. =4.75 V MAX. = 5.25 V) 

MIL =-55°C to+125°C Vcc = 5.0V±10% (MIN. =4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE -P^p 

Parameters Description Test Conditions (Note i) Min. (Note 2 ) Max. Units 


VqH 

Output HIGH Voltage 

Vcc = min. 

V|N = V|H or ViL 

Q, Iqh “ —660/xA 

MIL 

2.5 

3.4 


Volts 

COM'L 

2.7 

3.4 


Y 

MIL, Iqh ~ -1.0mA 

2.4 

3.4 


COM'L, Iqh = 2.6mA 

2.4 

3.4 


Vql 

Output LOW Voltage 

Vcc = min. 

V|N = V|H or V|L 

•OL “ 4.0mA 



0.4 

Volts 

*OL “ 8.0mA 



0.45 

*OL ” 12mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for alt inputs 

MIL 



0.7 

Volts 

COM’L 



0.8 

V| 

Input Clamp Voltage 

Vcc “ MIN., I((\j == —18mA 



-1.5 

Volts 

'IL 

Input LOW Current 

Vcc = max., V||sj =0.4V 



-0.36 

mA 

•iH 

Input HIGH Current 

Vcc = MAX., V|N = 2.7V 



20 

mA 


Input HIGH Current 

Vcc = max., V|N = 7.0V 



0.1 

mA 

•o 

Off-State (High-Impedance) 
Output Current 

Vcc = max. 

Vq = 0.4V 



-20 

mA 

Vo = 2.4V 



20 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-85 

mA 

•cc 

Power Supply Current 
(Note 4) 

Vcc = max. 


17 

28 

mA 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0V, 25 C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. \qq is measured with all inputs at 4.5V and all outputs open. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5 V to +7.0 V 

DC Voltage Applied to Outputs for High Output State 

—0.5 V to +Vcc fT13X. 

DC Input Voltage 

-0.5 V to +7.0 V 

DC Output Current, Into Outputs 

30 m A 

DC Input Current 

—30 mA to +5.0 mA 


5-205 







Am29LS18 

SWITCHING CHARACTERISTICS 

(Ta = +25°C, Vcc = 5.0V) 


Parameters 

Description 

Min, 

Typ. 

Max. 

Units 

Test Conditions 

tPLH 

Clock to Qj 


18 

27 

ns 


tPHL 


18 

Ti 


tPLH 

Clock to Yj (OE LOW) 


18 

27 

ns 


tPHL 


18 

27 



Clock Pulse Width 

LOW 

18 



ns 

Cl = 15pF 

^^pw 

HIGH 

15 



Rl = 2.0kf2 


Data 

15 



ns 


th 

Data 

5.0 



ns 


tZH 

OFtoYi 


7.0 , 

11 

ns 


tZL 



12 


tHZ 

OFto Yj 


14 

21 

ns 

Cl = 5.0pF 

tLZ 


12 

18 

Rl = 2.0ka 

^max 

Maximum Clock Frequency (Note 1) 

35 

50 

_i 

MHz 



Note 1. Per industry convention, f^ax 'S the worst case value of the maximum device operating frequency with no constraints on t^, tf, 
pulse width or duty cycle. 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Am29LS18PC, DC 

Am29LS18DM, FM 






Ta = 0°C to +70°C 

TA = -55°Cto +125°C 

- 





Vcc = 5.0V ±5% 

Vcc = 5.0V ± 10% 



Parameters 

Description 

Min. 

Max. 

Min. 

Max. 

Units 

Test Conditions 

tPLH 

Clock to Qj 


38 


45 

ns 


tPHL 


38 


45 


tPLH 

Clock to Yj (OE LOW) 


35 


40 

ns 

. 

tPHL 


35 


40 


^pw 

Clock Pulse Width 

LOW 

20 


20 


ns 

Cl = 50pF 

HIGH 

20 


20 


Rl = 2.0kJQ 

^s 

Data 

15 


15 


ns 


th 

Data 

5.0 


5.0 


ns 


• tZH 

OE to Yj 


15 


17 

ns 


tZL 


16 


n 


tHZ 

OE to Yj 


27 


30 

ns 

Cl = 5.0pF 

tLZ 


24 


30 

Rl = 2.0kn 

tmax 

Maximum Clock Frequency (Note 1) 

30 


_^5 , 


MHz 



*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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DEFINITION OF FUNCTIONAL TERMS 

Dj The four data inputs to the register. 

Qj The four data outputs of the register with standard 
totem-pole active pull-up outputs. Data is passed non- 
inverted. 

Yj The fdur three-state data outputs of the register. When 
the three-state outputs are enabled, data Is passed non- 
inverted. A HIGH on the "output control" input forces the 
Yj outputs to the high-impedanpe state. 

CP Clock. The buffered common clock for the register. 
Enters data on the LOW-to-HIGH transition. 

OE Output Control. When,the OE input is HIGH, the Yi 
outputs are in the high-impedance state. When the OE input 
is LOW, the TRUE register data is present at the Yj outputs. 


TRUTH TABLE 


INPUTS 

OUTPUTS 

NOTES 

OE 

CLOCK 

CP 

D 

Q 

Y 

H 

L 

X 

NC 

Z 

_ 

H 

H 

X 

NC 

Z 

_ 

H 

t - 

L 

L 

z 

_ 

H 

t 

H 

H 

z 

_ 

L , 

t 

L 

L 

L 

_ , 

L 

t 

H 

H 

H 

_ 

L 

- 

- 

L 

L 

1 

L 

- 

- 

H 

H 

1 


L = LOW NC = No change 

H = HIGH t = low to high transition 

X = Don't care Z = High impedance 


Note: 1, When OE is LOW, the Y output will be in the same logic 
state as the Q output. 


Metallization and Pad Layout 


% 


Vo 

Dl 

Qi 

Vi 

M 

GND 



vcc 


D 


3 


02 

Qj 


Y 2 


DIE SIZE 0.083" X 0.099" 


ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Order Number 

Package Type 
(Note 1) 

Operating Range 
(Note 2) 

Screening Level 
(Note 3) 

AM29LS18PC 

P-16 

C 

C-1 

AM29LS18DC 

D-16 

C 

C-1 

AM29LS18DC-B 

D-16 

c 

B-1 

AM29LS18bM 

D-16 

M 

C-3 

AM29LS18DM-B 

D-16 

M 

B-3 

AM29LS18FM 

F-16 

M 

C-3 

AM29LS18FM-B 

F-16 

M 

B-3 

AM29LS18XC 

Dice 

C 

] Visual inspection 
> to MlL-STD-883 

AM29LS18XM 

Dice 

M 

j Method 201 OB. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed butline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C = 0°C to +70°C, Vcc = 4.75V to 5.25V, M = - 55°C to +125°C, Vqc = 4.50V to 5.50V. . 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MlL-STD-883, 
Class B. 
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Ann2919 

Quad Register with Duai Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 

• Two sets of three-state outputs 

• Four D-type flip-flops 

• Polarity control on one set of outputs 

• Buffered common clock enable 

• Buffered common asynchronous clear 

• Separate buffered common output enable for each set of 
outputs 


RELATED PRODUCTS 
Part No. Description 

Am25LS2519 Quad Register 

Am25LS2518 Quad D Register 


LOGIC DIAGRAM 


FUNCTIONAL DESCRIPTION 

The Am2919 consists of four D-type flip-flops with a buffered 
common clock enable. Information meeting the set-up and 
hold time requirements of the D inputs is transferred to the 
flip-flop outputs on the LOW-to-HIGH transition of the clock. 
Data on the Q outputs of the flip-flops is enabled at the 
three-state outputs when the output control (OE) input is 
LOW. When the appropriate OE input is HIGH, the outputs 
are in the high impedance state. Two independent sets of 
outputs—W and Y—are provided such that the register can 
simultaneously and independently drive two buses. One set 
of outputs contains a polarity control such that the outputs 
can either be inverting or non-inverting. 

The device also features an active LOW asynchronous clear. 
When the clear input is LOW, the Q output of the internal 
flip-flops are forced LOW independent of the other inputs. 
The Am2919 is packaged in a space-saving (0.3-inch row 
spacing) 20-pin package. 


LOGIC SYMBOL 



ENABLE 


CP CLR POL OE-Y OE-W 

CLOCK CLEAR POLARITY OUTPUT ENABLE 

MPR-196 


1 4 13 16 



V QQ = Pin 20 
GND = Pin 10 

MPR-197 


CONNECTION DIAGRAMS 
Top Views 

P-20, D-20 


OoO 

Wo C 2 

^0 C 3 

D, 114 
W, □ S 

Yl II 6 

oEW c 7 
OE^Y C 8 
CP d 9 
GND C 10 


■ 20 □ Vcc 
19 □ ^ 
18 I POL 
17 If 

16 □ Dj 
15 □ W 3 
14 □ Y 3 
13 □ Dj 
12 □ W 2 

1O V2 


Leadless Chip Carrier 
L-20-1 


I Id 



F-20 pin configuration identical to D-20, P-20. 
Note: Pin 1 is marked for orientation. 
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ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM'L Ta = 0°c to +70°C Vcc = 5.0V ±5% MIN, = 4.75 V MAX. = 5.25 V 

MIL Ta = -55°C to+125°C Vcc = 5.0V±10% MIN.-4.50V MAX.-5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 


Parameters Description Test Conditions (Note i) Min. (Note 2 ) Max. Units 


Vqh 

-^- 

Output HIGH Voltage 

Vcc = MIN. 

V|N = V|H or V||_ 

MIL, loH = -l OmA 

2.4 

3.4 


Volts 

COM'L. iQH = -2-6mA 

2.4 

3.4 


VOL 

Output LOW Voltage 

Vcc = min. 

V|N = V|H or V|L 

•OL ~ ^ OoiA 



0.4 

Volts 

lOL “ 8.0mA 



0.45 

lOL ~ ^ 2mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

VlL 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

Vi 

Input Clamp Voltage 

Vcc = min., I|N =-18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max., V|N = 0.4 V 



-0.36 

mA 

hH 

Input HIGH Current 

Vcc = max., V|N = 2.7 V 



20 

mA 

•l 

Input HIGH Current 

Vcc = max., ViN = 7.0V 



0.1 

mA 

‘o 

j Off-State (High-Impedance) 
Output Current 

Vcc = max. 

Vo = 0.4V 



-20 

mA 

Vq = 2.4 V 



20 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-85 

mA 

•cc 

Power Supply Current 
(Note 4) 

Vcc = max. 

MIL 


24 

36 

mA 

COM'L 


24 

39 


Notes: 1. FOr conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Tvpical limits are at Vqc = 5.0 V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Inputs grounded; outputs open. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5 V to+7.0 V 

DC Voltage Applied to Outputs for High Output State 

—0.5 V to +Vcc hhax. 

DC Input Voltage 

-0.5Vto+7.0V 

DC Output Current, Into Outputs 

30 mA 

DC Input Current 

-30 mA to +5.0 mA 


FUNCTION TABLE 


FUNCTION 

INPUTS 

INTERNAL 

OUTPUTS 1 

CP 

0 ; 

'w 

CLR 

POL 

OE-W 

OE-Y 

Q 

Wj 

Yj 

Output Three-State Control 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

H 

L 

H 

L 

L 

H 

H 

L 

NC 

NC 

NC 

NC 

Z 

Enabled 

Z 

Enabled 

Enabled 

Z 

Z 

Enabled 


X 

X 

X 

X 

L 

L 

L 

NC 

Non-Inverting 

Non-Inverting 

Vw 1 rwiaiiiy 

X 

X 

X 

X 

H 

L 

L 

NC 

Inverting 

Non-Inverting 

Asynchronous Clear 

X 

X 

X 

X 

X 

X 

L 

L 

L 

H 

L 

L 

L 

L 

L 

L 

L 

H 

L 

L 


t 

X 

H 

H 

X 

X 

X 

NC 

NC 

NC 


t 

L 

L 

H 

L 

L 

L 

L 

L 

L 

Clock Enabled 

t j 

L 

L 

H 

H 

L 

L 

L 

H 

L 


t. 1 

H 

L 

H 

L 

L 

L 

H 

H 

H 


t 1 

H 

L 

H 

H 

L 

L 

H 

b 

H 


L = LOW H = HIGH Z = High Impedance NC = No Change X = Don't Care t = LOW-to-HIGH Transition 
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SWITCHING CHARACTERISTICS 

{Ta = +25°c, Vcc = 5.0V) 


Parameters 

Description 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

*PHL 

Clock to Yj 


22 

33 

ns 


tPHL 


20 

30 


tPLH 

Clock to Wj 



24 

36 

ns 


tpHL 

(Either Polarity) 



24 

36 


*PHL 

Clear to Yj 


29 

43 

ns 


*PLH 

Clear to Wj 


25 

37 



*PHL 


30 

45 



<PLH 

Polarity to Wj 


23 

34 



tPHL 


25 

37 


Cl = 15pF 

^pw 

Clear 

18 



ns 

Rl = 2.0ka 

'pw 

ClockPulse Width 

LOW 

15 * 



ns 


HIGH 

18 

— 



ts 

Data 

15 



ns 


th 

Data 

5 



ns 


ts 

Data Enable 

20 



ns 


th 

Data Enable 

0 



ns 


ts 

Set-up Time, Clear 

Recovery (Inactive) to Clock 

20 

15 


ns 


tZH 

Output Enable to W or Y 


11 

17 



tZL 


13 

20 



*HZ 

Output Enable to W or Y 


13 

20 

ns 

Cl = 5.0pF 

tLZ 

i 

■ 1 

11 

17 

Rl = 2.0ka 

tmax 

_I 

Maximum Clock Frequency (Note 1) 

35 

45 


MHz 

Cl = 15pF 

Rl = 2.0kft 


Note 1. Per industry convention, fmax worst case value of the maximum device operating frequency with no constraints on t^, tf, 

pulse width or duty cycle. 


SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE* 

Parameters Description 

Am2919PC, DC 

Am2919DM, FM 

Units Test Conditions 

Ty^ == 0°C to -t-70°C 
Vcc = 5T)V ±5% 
Min. Max. 

Ta = -55°C to +125X 
Vcc = 5T)V ±10% 
Min. Max. 

*PLH 

Clock to Yj 


39 


42 

ns 

Cl = 50pF 

Rl = 2.0ka 

tPHL 


39 


45 

*PLH 

Clock to Wj 
(Either Polarity) 


41 


43 

ns 

*PHL 


44 


48 

*PHL 

Clear to Yj 


52 


58 

ns 

*PLH 

Clear to Wj 


42 


43 

ns 

*PHL 


51 


53 

tPLH 

Polarity to Wj 


41 


45 

ns 

^PHL 


42 


44 

*PW 

Clear 

20 


20 


ns 

^PW 

Clock 

LOW 

20 


20 


ns 

HIGH 

20 


20 


ts 

Data 

15 


15 


ns 

th 

Data 

10 


10 

.. .. 

ns 

ts 

Data Enable 

25 


25 


ns 

th 

Data Enable 

0 


0 


ns 

ts 

Set-up Time, Clear 

Recovery (Inactive) to Clock 

23 

i 

24 


ns 

tZH 

Output Enable to Wj or Yj 




27 

ns 

tZL 


29 


35 

tHZ 

Output Enable to Wj or Yj 


33 


45 

ns 

Cl = 5.0pF 

Rl = 2.0ka 

tLZ 


22 


26 

tmax 

Maximum Clock Freljuency (Note 1) 

30 


25 


MHz 1 

Cl = 50pF 

Rl = 2.0ka 


* AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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DEFINITION OF FUNCTIONAL TERMS 

Dj Any of the four D flip-flop data lines. 

E Clock Enable. When LOW, the data Is entered 

Into the register on the next clock LOW-to- 
HIGH transition. When HIGH, the data in the 
register remains unchanged, regardless of the 
data in. 


CP 

OE^,OE^ 

Yi 

Wj 

POL 

CLR 


Clock Pulse. Data Is entered into the register on 
the LOW-to-HIGH transition. 

Output Enable. When OE is LOW, the register 
is enable to the output. When HIGH, th e out- 
put is in the high-impedance state. The OE-W 
controls the W set of outputs, and OE-Y 
controls the Y set. 

Any of the four non-inverting three-state out¬ 
put lines. 

Any of the four three-state outputs with polarity 
control. 

Polarity Control. The Wj outputs will be non¬ 
inverting vi/hen POL Is LOW, and when It is 
HIGH, the outputs are inverting. 

Asynchronous Clear. When CLR is LOW, the 
internal Q flip-flops are reset to LOW. 


GUARANTEED LOADING RULES 
OVER OPERATING RANGE (In Unit Loads) 

A Low-Power Schottky TTL Unit Load is defined as 20juA measured at 
2,7\/ HIGH and —0.36mA measured at 0.4V LOW. 





Output 

Output 



Input 

HIGH 

LOW 

Pin No.'s 

Input/Output 

Load 

MIL 

COM'L 

MIL 

COM'L 

1 

Do 

1.0 

- 

- 

- 

- 

2 

Wo 

- 

50 

130 

33 

33 

3 

YO 

- 

50 

130 

33 

33 

4 

Dl 

1.0 

- 

- 

- 

- 

5 

Wi 

- 

50 

130 

33 

33 

6 

Yl 

- 

50 

130 

33 

33 

7 

OE^ 

1.0 


- 

- 

- 

8 

OE^ 

1.0 

- 

_ 


- 

9 

CP 

1.0 

_ 

_ 

- 

- 

10 

GND 

- 

- 

- 

- 

- 

11 

Y 2 


50 

130 

33 

33 

12 

W 2 


50 

130 

33 

33 

13 

D 2 

1.0 

- 


- 

- 

14 

Y3 

- 

50 

130 

33 

33 

15 

W 3 

- 

50 

130 

33 

33 

16 

D 3 

1.0 

~ 

- 

- 

- 

17 

E 

1.0 

- 

- 

- 

- 

18 

POL 

1.0 

- 

- 

- 

- 

19 

CLR 

1.0 

- 

- 

- 

- 

20 

YCC 

- 

- 

- 

- 

- 


LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


Metallization and Pad Layout 



Yq 3- 
D, 4 - 
W, 5 - 

Y, 6 - 


CLR 

POL 


if—. ,-L|L lyL -l—l' 

11 ^ 






OE-Y 8 - 
CP 9 - 
GND 10 ■ 


Note: Actual current flow direction shown. 


DIE SIZE 0.083" X 0.099" 
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ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 


Order Number 

Package Type 

(Note 1) 

Operating Range 

(Note 2) 

Screening Level 

(Note 3) 

AM2919PC 

P-20 

C 

C-1 

AM2919DC 

D-20 

C 

C-1 

AM2919DC-B 

D-20 

C 

B-1 

AM2919DM 

D-20 

M 

C-3 

AM2919DM-B 

D-20 

M 

B-3 

AM2919FM 

F-20 

M 

C-3 

AM2919FM-B 

F-20 

M 

B-3 

AM2919LC 

L-20-1 

C 

C-1 

AM2919LC-B 

L-20-1 

C 

B-1 

AM2919LM 

L-20-1 

M 

C-3 

AM2919LM-B 

L-20-1 

M 

B-3 

AM2919XC 

Dice 

c 

\ Visual inspection 

AM2919XM 

Dice 

M 

1 to MIL-STD-883. 
j Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, L = Chip-Pak, F = Flat-Pak. Number following letter is number of leads. 

See Appendix B for detailed outline. Where Appendix B contains several dash numbers, any of the variations of 
the package may be used unless othenwise specified. 

2. C = 0 to +70°C, Vcc = 4.75 to 5.25V, M = -55 to + 125°C, Vcc = 4.50 to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 
conforms to MIL-STD-883, Class B. 


APPLICATION 



The Am2919 provides for easy control of the selection of source and destination register addresses for the 
Am2901. These controls can emanate from both the instruction register and the pipeline register. The control 
is accomplished by three-state action at the Am2919 outputs. Four different register outputs can be selected 
by the B address which is the destination register in the Am2901. Two registers can be selected for the Am2901 
A input which is a second RAM source. 

The other pair of three-state outputs can be used for function control select as shown with the Am2921. Here, 
bit set, bit clear, bit toggle and bit test on any of the 16 bits can be performed. 

MPR-200 


5 
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Am2920 

Octal D-Type Flip-Flop with Cleary Clock Enable and Tliree-Sfafe Control 


DISTINCTIVE CHARACTERISTICS 

• Buffered common clock enable input 

• Buffered common asynchronous clear input 

• Three-state outputs 

• 8 -bit, high-speed parallel register with positive edge-triggered, 
D-type flip-flops 


LOGIC SYMBOL 


3 4 7 8 13 14 17 18 



FUNCTIONAL DESCRIPTION 

The Am2920 is an 8 -bit register built using advanced Low- 
Power Schottky technology. The register consists of eight 
D-type flip-flops with a buffered common clock, a buffered 
common clock enable, a buffered asynchronous clear input, 
and three-state outputs. 

When the clear input is LOW, the internal flip-flops of the 
register are reset to logic 0 (LOW), independent of all other 
inputs. When the clear input is HIGH, the register operates in 
the normal fashion. 

When the three-state output enable (OE) input is LOW, the 
Y outputs are enabled and appear as normal TTL outputs. 
When the output enable (OE) input is HIGH, the Y outputs 
are in the high impedance (three-state) condition. This does 
not affect the internal state of the flip-flop Q output. 

The clock enable input (E)_is used to selectively load data 
into the register. When the E input is HIGH, the register will 
retain its current data. When the E is LOW, new data is entered 
into the register on the LOW-to-HIGH transition of the clock 
input. 

This device is packaged in a space-saving (0.4-inch row spacing) 
22-pin package and in a 24-pin flatpack. 


RELATED PRODUCTS 

Part No. Description 


Vcc = Pin 22 


Am25LS2520 

Am2918 

Am2954/55 

Am29821-26 


GND = Pin 11 


Octal D-Type Flip-Flop 
Quad D-Registers 
Octal D-Registers 
8 ,9,10-Bit Registers 


MPR-203 


LOGIC DIAGRAM 


Dq D D2 Dg Dg 
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\ 


F-24 


CONNECTION DIAGRAMS 
Top Views 

P-22, D-22 Leadless Chip Carrier 

L-28-1 



Note: Pin 1 is marked for orientation. 


* Reserved - do not use. 


ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 


Order Number 

Package Type 

(Note 1) 

Operating Range 

(Note 2) 

Screening Level 

(Note 3) 

AM2920PC 

P-22 

C 

C-1 

AM2920DC 

D-22 

C 

C-1 

AM2920DC-B 

D-22 

C 

B-1 

AM2920DM 

D-22 

M 

C-3 

AM2920DM-B 

D-22 

M 

B-3 

AM2920FM 

F-24 

M 

C-3 

AM2920FM-B 

F-24 

M 

B-3 

AM2920LC 

L-28-1 

C 

C-1 

AM2920LC-B 

L-28-1 

C 

B-1 

AM2920LM 

L-28-1 

M 

C-3 

AM2920LM-B 

L-28-1 

M 

B-3 

AM2920XC 

Dice 

c 1 

Visual inspection 

AM2920XM 

Dice 

M J 

to MIL-STD-883. 
Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, L = Chip-Pak, F = Flat-Pak. Number following letter is number of leads. 

See Appendix B for detailed outline. Where Appendix B contains several dash numbers, any of the variations of 
the package may be used unless otherwise specified. 

2. C = 0 to +70°C, Vcc = 4.75 to 5.25V, M = -55 to + 125°C, Vcc = 4.50 to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 
conforms to MIL-STD-883, Class B. 
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ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA = 0°Cto+70°C Vcc = 5.0V±5% MIN.=4. 75V MAX. = 5.25V 

MIL Ta =-55°C to+125°C Vcc = 5.0V±10% MIN. = 4. 50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test'Conditions (Note i) 


Vqh 

Output HIGH Voltage 

Vcc = MIM. 

V|N = V|H or V|L 

MIL, Iqh = -TOmA 

2.4 

3.4 


Volts ^ 

COM'L, Iqh = -2.6mA 

2.4 

3.4 


VOL 

Output LOW Voltage 

Vcc = min. 

V)N = V|H or V|L 

IOL'^'Oi^A 



0.4 

Volts 

•OL “ 8.0mA 



0.45 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc == min., I|n = -18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max., V|n =0.4V 



-0.36 

mA 

i|H 

Input HIGH Current 

Vcc = max., V|N = 2.7 V 



20 

mA 

h 

Input HIGH Current 

Vcc = max., V|n = 7.0V 



0.1 

mA 

•o 

Off-State (High-Impedance) 
Output Current 

Vcc = max. 

Vo = 0.4 V 



-20 

mA 

Vo = 2.4 V 



20 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-85 

mA 

•cc 

Power Supply Current 
(Note 4) 

Vcc = max. 


24 

37 

mA 


Notes: 1. For conditions shown as MIN, or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0 V, 25°C ambient and maximurh loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. All outputs open, E = GND, Di inputs = CLR = OE = 4.5V. Apply momentary ground, then 4.5V to clock input. 


Typ. 

Min. (Note 2) Max. Units 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5 V to +7.0V 

DC Voltage Applied to Outputs for High Output State 

—0.5 V to +Vcc niax. 

DC Input Voltage 

-0.5 V to+7.0 V 

DC Output Current, Into Outputs 

30 mA 

DC Input Current 

-30 mA to+5.0 mA 
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SWITCHING CHARACTERISTICS 

(Ta = +25°C, VcC = 5.0V) 


Parameters 

Description 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

tPLH 

Clock to Yj (OE LOW) 


18 

27 

ns 


tPHL 


24 

36 


tPHL 

Clear to Y 


22 

35 

ns 


ts 

Data (Dj) 

10 

3 


ns 


th 

Data (Dj) 

10 

3 


ns 



Enable (E) 

Active 

15 

10 


ns 


's 

Inactive 

20 

12 


Cl = 15pF 

Rl = 2.0kn 

th 

Enable (E) 

0 

0 


ns 

ts 

Clear Recovery (In-Active) to Clock 

11 

7 


ns 



Clock 

HIGH 

20 

14 


ns 


tpw 

LOW 

25 

13 



tpw 

Clear 

20 

13 


ns 


tZH 

^ to Yj 


9 

13 



tZL 


14 

21 



tHZ 

OE to Yj 


20 

30 

ns 

Cl = 5.0pF 

tLZ 


24 

36 

Rl = 2 . 0 kn 

tmax 

Maximum Clock Frequency (Note 1) 


40 


MHz 



Note 1. Per industry convention, fppax 'S worst case value of the maximum device operating frequency with no constraints on tf, tf, pulse 
width or duty cycle. 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

Am2920PC,DC 

Am2920DM,FM 

Units Test Conditions 

Ta = 0°C to +70° C 
Vcc = 5.0V ± 5% 

Min. Max. 

TA = -55°Cto+125°C 
Vcc = 5.0V ±10% 

Min. Max. 

tPLH 

Clock to Yj (OE LOW) 


33 


39 

ns 

Cl = 50pF 

Rl = 2.0ka 

tPHL 


45 


54 

tPHL 

Clear to Y 


43 


51 

ns 

ts 

Data (Dj) 

12 


15 


ns 

th 

Data (Dj) 

12 


15 


ns 

ts 

Enable (E) 

Active 



20 


ns 

Inactive 

20 


23 


th 

Enable (E) 

0 


0 


ns 

ts 

Clear Recovery (In-Active) to Clock 

13 


15 


ns 

tpw 

Clock 

_ 

HIGH 

25 


30 


ns 

LOW 

30 


35 


tpw 

Clear 

22 


25 


ns 

tZH 

OE to Y, 


19 


25 

ns 

tZL 


30 


39 

tHZ 

OE to Yj 


35 


40 

ns 

Cl = 5.0 pF 

Rl = 2.0 kn 

tLZ 


39 


42 

tmax 

Maximum Clock Frequency (Note 1) 

25 


20 

i 

MHz 



AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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DEFINITION OF FUNCTIONAL TERMS 

Dj The D flip-flop data inputs. 

CLR When the clear input is LOW, the Qj outputs are 
LOW, regardless of the other inputs. When the 
clear input is HIGH, data can be entered into the 
register. 

CP Clock Pulse for the Register; enters data into the 

register on the LOW-to-HIGH transition. 

Yj The register three-state outputs. 

E Clock Enable. When the clock enable is LOW, 

data on the Dj input is transferred to the Qj out¬ 
put on the LOW-to-HIGH clock transition. When 
the clock enable is HIGH, the Qj outputs do not 
change state, regardless of the data or clock Input 
transitions. 

OE Output Control. When the OE input is HIGH, 

the Yj outputs are in the high impedance state. 
When the OE input is LOW, the TRUE register 
data is present at the Yj outputs. 


FUNCTION TABLE 



Inputs 

internal 

Outputs 

Function 

OE 

CLR 

I 

Di 

CP 

Q| 

Yi 

Hi-Z 

H 

X 

X 

X 

X 

X 

z 

Clear 

H 

L 

X 

X 

X 

L 

z 


L 

L 

X 

X 

X 

L 

L 

Hold 

H 

H 

H 

X 

X 

NC 

z 


L 

H 

H 

X 

X 

NC 

NC 

Load 

H 

H 

L 

L 

t 

■ L 

z 


H 

H 

L 

H 

t 

H 

z 


L 

H 

L 

L 

t 

L 

L 


L 

H 

L 

H 

t 

H 

H 


GUARANTEED LOADING RULES 
OVER OPERATING RANGE (In Unit Loads) 


A Low-Power Schottky TTL Unit Load is defined as 20iUA measured at 
2.7 V HIGH and -0.36mA measured at 0.4V LOW. 


Pin No/s 

Input/Output 

Am2920 

Input 

Load 

Output 

HIGH 

MIL COM'L 

Output 

LOW 

MIL COM'L 

1 CLR 

1 

- 

- 

- 

, - 

2 

Yo 

- 

50 

130 

22 

22 

3 

Do 

1 

- 

- 

- 

- 

4 

Dl 

1 

- 

- 

- 


5 

Yi 

- 

50 

130 

22 

22 

6 

Y2 

- 

50 

130 

22 

22 

7 

D2 

1 

- 

- 

- 

- 

8 

D3 

1 

- 

- 

- 

- 

9 

Y3 

~ 

50 

130 

22 

22 

10 

CP 

1 

- 

- 

~ 

- 

11 

GND 

- 

- 

- 

- 

- 

12 

Y4 

- 

50 

130 

22 

22 

13 

□4 

1 

- 

- 

- 

- 

14 

D5 

1 

- 

- 

- 

- 

15 

Y5 

- 

50 

130 

22 

22 

16 

Y6 

- 

50 

130 

22 

22 

17 

.°6 , 

1 

- 

- 

- 


18 

D7 

1 

- 

- 

- 


19 

Y7 

- 

50 

130 

22 

22 

20 

OE 

1 

- 

- 

- 

- 

21 

T 

1 

- 

- 

- 

- 

22 

YCC 

- 

- 

- 


- 


H = HIGH NC = No Change 

L = LOW t = LOW-to-HIGH Transition 

X = Don't Care Z = High Impedance 


LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


METALLIZATION AND PAD LAYOUT 



Note: Actual current flow direction shown. 


MPR-204 


DIE SIZE 0.080" X 0.111” 
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APPLICATIONS 


16 BIT DATA BUS 



56-BIT PIPELINE REGISTER 


A typical Computer Control Unit for a microprogrammed machine. 



The Am2920 is a useful device in interfacing with the Am9080A system buses. 


MPR-206 
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Ann2921 

One-of •Eight Decoder 

with Three-State Outputs and Polarity Control 


DISTINCTIVE CHARACTERISTICS 

• Three-state decoder outputs 

• Buffered common output polarity control 

• Inverting and non-inverting enable inputs 

• AC parameters specified over operating temperature and 
power supply ranges. 


RELATED PRODUCTS 

Part No. 

Description 

Am25LS2536 

8-Bit Decoder 

Am25LS2537 

1 of 10 Decoder 

Am25LS2538 

1 of 8 Decoder 

Am25LS2539 

Dual 1 of 4 Decoder 

Am2924 

3 to 8 Line Decoder/Demultiplexer 



FUNCTIONAL DESCRIPTION 

The Am2921 is a three-line to eight-line decoder/demultiplexer 
fabricated using advanced Low-Power Schottky technology. 
The decoder has three buffered select inputs A, B, and C, 
which are decoded to one-of-eight Y outputs. Two active-HIGH 
and two active-LOW enables can be used for gating the de¬ 
coder or can be used with incoming data for demultiplexing 
applications. 

A separate polarity (POL) input can be used to force the 
function active-HIGH or active-LO W at the output. Two 
separate £ctive-LOW output enables (OE) inputs are provided. 
If either OE input is HIGH, the output is in the high impedance 
(off) state. When the POL input is LOW, the Y outputs are 
active-HIGH and when the POL input is HIGH, the Y outputs 
are active-LOW. 

The device is packaged in a space saving (0.3-inch row spacing) 
20-pin package. 
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ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM'L Ta = 0°c to+70°C Vcc = 5.0V±5% MIN. = 4.75 V MAX, = 5.25 V 

MIL Ta = -55®C to +125°C Vqc = 5.0V ±10% MIN. = 4,50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 


Parameters 

Description 

Test Conditions (Note i) 


Min. 

(Note 2) 

Max. 

Units 

Vqh 

Output HIGH Voltage 

Vcc = min. 

•oh = 10mA (MIL) 

2.4 

3.4 


Volts 

V|N = V|H or V|L 

lOH = -2.6mA (COM'L) 

2.4 

3.4 




Vcc = min, 

V|N = V|H or V|L 

•OL “ 4.0mA 



0.4 


VOL 

Output LOW Voltage 

•OL ~ 8.0mA 



0.45 

Volts 



•OL “ 12mA 



0.5 



Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|.L 

Input LOW Level 

Guaranteed input logical LOW 

MIL 



0.7 

Volts 

voltage for all inputs 


COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc = MIN., I,|M - 

18mA 




-1.5 

Volts 

•iL 

Input LOW Current 

Vcc = MAX., V|N =0.4V 



-0.36 

mA 

•iH 

Input HIGH Current 

Vcc = max., V|m = 2.7V 



20 

mA 


Input HIGH Current 

Vcc = max., V||v| = 7.0V 

1 


0.1 

mA 

•0 

Off-State (High-Impedance) 

Vcc = max. 

Vo = 0.4 V 



-20 

mA 

Output Current 

Vo = 2.4 V 



20 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-85 

mA 

•cc 

Power Supply Current 
(Note 4) 

Vcc = max. 

_ 

21 

34 

mA 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0 V, 25 C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4 . Test conditions: A = B= C = Ei =§2 = GND : E3 = E4 = POL = OE-, = 0I2 = ^-SV. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°C to+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5 V to +7.0 V 

DC Voltage Applied to Outputs for High Output State 

-0.5 V to +Vcc niax. 

DC Input Voltage 

-0.5 V to +7.0 V 

DC Output Current, Into Outputs 

30 mA 

DC Input Current 

—30 mA to +5.0 mA 
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SWITCHING CHARACTERISTICS 

(Ta = +25°C, Vcc = 5.0V) 

Parameters Description 

—- A;B,C*toYi 

tPHL __ 

tPLH — w 

- Ei.EotoYj — 

tPHL __ 

tPLH r- . w 

- Eq, E4toYi — 

tPHL __ 

tPLH 

-- POL to Yj 

tpHL _ 

tZH —— - 

■- ^ - OEi,OE2toYi 

tZL __ 

tHZ - - 

- — - OEi,OE2toYi 


Typ. 

Max. 

20 

30 

15 

22 

19 

28 

20 

30 

21 

31 

23 

34 

16 

24 

20 

30 

17 

25 

14 

21 

17 

25 

20 

30 


Test Conditions 


Cl = 15pF 
RL = 2.0k!:2 


Cl = 5 . 0 pF 

Rl = Z.Okn 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Parameters Description Min. Max. Min. Max, 

— 

-- A, B, CtoYj-- 

tPHL _ 29_ 37 

tpLH — — 34 39 

- Ei,EotoYi-^— 

tPHL _ 38_ 45 

^PLH ^ ^ 38 45 

— - E3, E4 to Yj-—-—- 

tPHL _;_ ^ _52_ 

tpLH 29 34 

tpHL 39 49 

t7H 38 45 

tZL _ ^ ' ___ 23 _ 25 

tHZ 29 33 

I-- OEi,OE2toYi----- 

I tLZ _ ^ __ 33 I _ 36 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9 . 


Test Conditions 


Cl = 50pF 
Rl = 2.0ku 


Cl = B.OpF 
Rl = 2.0kn 


LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


Metallization and Pad Layout 



Note: Actual current flow direction shown. 









Am2921 


DEFINITION OF FUNCTIONAL TERMS 


GUARANTEED LOADING RULES 


A, B, C, D 

The three select inputs to the decoder/de- 

OVER OPERATING RANGE (In Unit Loads) 


multiplexer. 

A Low-Power Schottky TTL Unit Load is defined as ZO/jA measured at 

E 1 .E 2 

2.7V HJGH and —0.36mA measured at 0.4V 1 

_ow. 



The active LOW enable inputs. A HIGH on 
















either the Ei or E 2 input forces all decoded 


functions to be disabled. 




Output 

Output 

E3. E4 

The active HIGH enable inputs. A LOW on 



Input 

HIGH 


LOW 

either E 3 or E 4 inputs forces all the decoded 

Pin No.'s Input/Output 

Load 

MILCOM'L 

MIL COM'L 


functions to be inhibited. 

1 

Y2 

- 

50 

130 

33 

33 

POL 

Polarity Control. A LOW on the polarity con¬ 
trol input forces the output to the active-HIGH 
state while a HIGH on the polarity control 

2 

Yl 

- 

50 

130 

33 

33 


3 

Yo 

- 

50 

130 

33 

33 




1;0 






input forces the Y outputs to the active-LOW 

4 

OEi 

— 

- 

- 

- 


state. 

5 

OE 2 

1.0 

- 

- 

- 

- 

0 Ei, 0 E 9 

Output Enable. When both the OE-; and OE 2 

6 

A 

1.0 

- 

- 

- 

- 


inputs are LOW, the Y outputs are enabled. If 
either OE-] or OE 2 input is HIGH, the Y out¬ 
puts are in the high impedance state. 

The eight outputs for the decoder/demultiplexer. 

7 

B 

1.0 

- 

- 

- 

- 


8 

Y5 

- 

50 

130 

33 

33 

Y. 

9 

Ye 

- 

50 

130 

33 

33 

^1 

10 

GND 

- 

- 

- 

- 

- 



11 

Y7 

- 

50 

130 

33 

33 



12 

POL 

1.0 

- 

- 

- 

- 



13 

E 4 

1.0 

- 

- 

- 

- 



14 

E3 

1.0 

- 

- 

- 

- 



15 

E2 

1.0 


- 

- 

- 



16 

El 

1.0 

- 

- 

- 

- 



17 

C 

1.0 

- 

_ 

- 




18 

Y4 

- 

50 

130 

33 

33 



19 

Y3 

- 

50 

130 

33 

33 



20 

YCC 

- 

- 

- 

- 

- 





FUNCTION TABLE 


FUNCTION 





INPUTS 








OUTPUTS 




OE1 

OE 2 

El 

E2 

E3 

E4 

POL 

C 

B 

A 

Yo 

Yl 

Y2 

Y3 

Y4 

Y5 

Ye 

Yy 

High Impedance 

H 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Z 

Z 

Z 

z 

Z 

Z 

Z 

z 

X 

H 

X 

X 

X 

X 

X 

X 

X 

X 

z 

Z 

Z 

z 

Z 

z 

Z 

z 


L 

L 

H 

X 

X 

X 

L 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 


L 

L 

H 

X 

X 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 


L 

L 

X 

H 

X 

X 

L 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

Disable 

L 

L 

X 

H 

X 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

X 

X 

L 

X 

L 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 


L 

L 

X 

X 

L 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 


L 

L 

X 

X 

X 

L 

L 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 


L 

L 

X 

X 

X 

L 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 


L 

L 

L 

L 

H 

H 

L 

L 

L 

L 

H 

L 

L 

L 

L 

L 

L 

L 


L 

L 

L 

L 

H 

H 

L 

L 

L 

H 

L 

H 

L 

L 

L 

L 

L 

L 


L 

L 

L 

L 

H 

H 

L 

L 

H 

L 

L 

L 

H 

L 

L 

L 

L 

L 

Active-HIGH Output 

L 

L 

L 

L 

H 

H 

L 

L 

H 

H 

L 

L 

L 

H 

L 

L 

L 

L 






L 

H 





H 




L 

L 

L 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 


L 

L 

L 

L 

H 

H 

L 

H 

L 

H 

L 

L 

L 

L 

L 

H 

L 

L 


L 

L 

L 

L 

H 

H 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 

H 

L 


L 

L 

L 

L 

H 

H 

L 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

H 


L 

L 

L 

L 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 


L 

L 

L 

L 

H 

H 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 


L 

L 

L 

L 

H 

H 

H 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

Active-LOW Output 

L 

L 

L 

L 

H 

H 

H 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 










L 

L 

L 

L 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 


L 

L 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 


L 

L 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 


L 

L 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 


H = HIGH L = LOW X = Don't Care Z = High Impedance 
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Am2921 


ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 


Order Number 

Package Type 

(Note 1) 

Operating Range 

(Note 2) 

Screening Level 

(Note 3) 

AM2921PC 

P-20 

C 

C-1 

AM2921DC 

D-20 

C 

C-1 

AM2921DC-B. 

D-20 

C 

B-1 

AM2921DM 

D-20 

M 

C-3 

AM2921DM-B 

D-20 

M 

B-3 

AM2921FM 

F-20 

M 

C-3 

AM2921FM-B 

F-20 

M 

B-3 

AM2921LC 

L-20-1 

C 

C-1 

AM2921LC-B 

L-20-1 

C 

B-T 

AM2921LM 

L-20-1 

M 

C-3 

AM2921LM-B 

L-20-1 

M 

B-3 

AM2921XC 

Dice 

C 

\ Visual inspection 

AM2921XM 

Dice 

M 

} to MIL-STD-883. 
j Method 201 OB. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, L = Chip-Pak, F = Flat-Pak. Number following letter is number of leads. 

See Appendix B for detailed outline. Where Appendix B contains several dash numbers, any of the variations of 
the package may be used unless otherwise specified. 

2. C = 0 to +70°C, Vcc = 4.75 to 5.25V, M = -55 to +125°C, Vcc = 4.50 to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 
conforms to MIL-STD-883, Class B. 


APPLICATIONS 


POL A B C D 



Two Am2921 's can be used to perform a bit set, bit clear, bit toggle or bit test on any of sixteen bits in 
a microprocessor system. Examples of the operations performed are as follows: 


Am2901 

ALU 

Function 

Bit Function 
Performed On 
Selected Register 

OR 

BIT SET 

AND 

BIT TEST 

AND 

BITCLEAR 

EX NOR 

BIT TOGGLE 

EX OR 

BIT TOGGLE 


Microprogram 

Control 

D C B A POL 


16-Bit Field From Am2921 
0123456789 1011 12131415 


0 0 1 1 0 
110 0 0 
0 110 1 
10 10 1 
10 10 0 


0001 00000 0000000 
0000000000 0 01 000 
1111110 111111111 
11111111110 11111 
00000000001 00000 


Note: Bit test is performed using F = 0 output of Am2901 A. 
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Am2922 

Eight Input Multiplexer with Control Register 


DISTINCTIVE CHARACTERISTICS 

• High speed eight-input multiplexer 

• On-chip Multiplexer Select and Polarity Control Register 

• Output polarity control for inverting or non-inverting 
output 

• Common register enable 

• Asynchronous register clear 

• Three-state output for expansion 

• AC parameters specified over operating temperature and 
power supply ranges. 


FUNCTIONAL DESCRIPTION 

The Am2922 is an eight-input Multiplexer with Control 
Register. The device features high speed from clock to output 
and is intended for use in high speed computer control units 
or structured state machine designs. 

The Am2922 contains an internal register which holds the A, 
B and C multiplexer select lines as well as the POL (Polarity) 
control bit. When the Register Enable input (RE) is LOW, new 
data is.entered into the register on the LOW-to-HIGH, transi¬ 
tion of the clock. When RE is HIGH, the r egiste r retains its 
current data. An asynchronous clear input (CLR) is used to 
reset the register to a logic LOW level. 

The A, B and C register outputs select one of eight multiplexer 
data inputs. A HIGH on the Polarity Control flip-flop output 
causes a true (non-inverting) multiplexer output, and a LOW 
causes the output to be inverted. In a computer control unit, 
this allows testing of either true or complemented flag data at 
the microprogram sequencer test input. 

An active LOW Multiplexer Enable input (ME) allows the se¬ 
lected multiplexer input to be passed to the output. When ME 
is HIGH, the output is determined only by the Polarity Control 
bit. 

The Am2922 also features a three-state Output Enable control 
(OE) for^expansion. When OE is LOW, the output is enabled. 
When OE is HIGH, the output is in the high impedance state. 


RELATED PRODUCTS 
Part No. Description 


Am25LS2535 8-Input Multiplexer 

Am2923 8-Input Multiplexer 


LOGIC DIAGRAM 



CONNECTION DIAGRAMS - Top Views 


D-20, P-20 


DoC 


-1 

20 

□ Vcc 

ME C 

2 

19 

□ Dl 

RE C 

3 

is! 

□ □2 

aC 

4 

17 


CC 

5 

16 

□ OE 

bC 

6 

15 

□ V 

CP 

7 

14 

□ ^4 

CLR C 

8 

13 

□ ^5 

POL □ 

9 

12 

□ Oe 

GND C 

10 

11 

□ ^7 


Leadless Chip Carrier 
L-20-1 



LOGIC SYMBOL 


1 19 18 17 14 13 12 11 



F-20 pin configuration identical to D-20, P-20. 
Note: Pin 1 is marked for orientation. 


Vcc = Pin 20 
GND= Pin 10 
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Am2922 


ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM'L TA = 0°Cto+70°C Vcc = 5.0V±5% MIN. = 4.75V MAX. = 5.25V 

mil Ta =-55°C to +125°C Vcc = 5.0V±10% MIN. = 4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 


Parameters 

Description 

Test Conditions (Note i) 


Min. 

(Note 2) 

Max. 

Units 

VOH 

Output HIGH Voltage 

Vcc = MIN. 

MIL, Iqh = -2.0mA 

2.4 

3.4 


Volts 

V|N = V|H or V|L 

COM'L, loH * 

-6.5mA 

2.4 

3.2 




Vcc = MIN. 

V|N = V|H or V|L 

•OL = 4.0mA 



0.4 


VoL 

Output LOW Voltage 

lOL “ 8.0mA 



0.45 

Volts 



'OL"20mA 



0.5 


V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for a|i inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 

MIL 



0.7 

Volts 

voltage for all inputs 

' 

COM'L 



0.8 

V, 

Input Clamp Voltage 

Vcc = MIN.,I,n = - 

18 mA 




-1.5 

Volts 

•IL 

Input LOW Current 

Vcc = MAX., 

ME, OE, ^ 



-0.72 

mA 

V|(\j =0.4V 

D|m, A, B, C, POL, CP,CLR 



-2.0 

•IH 

Input HIGH Current 

vcc = max.. 

i^, OE, RE 



40 

mA 

V|M =2.7V 

D(vj,A, B, C, POL,CP,CLR 



50 

•l 

Input HIGH Current 

Vcc = max.. 

ME,OE',‘^ 



0.1 

mA 

V|M =5.5V 

□n. A, B,C, POL, CP, ^ 



1.0 

*02 

Off-State (High-Impedance) 

Vcc = max. 

Vq =0.4V 



-50 

mA 

Output Current 

Vq = 2.4 V 



50 

1 

«SC 

Output Short Circuit Current 
i (Note 3) 

Vcc = max. 

-40 


-100 

i 

mA 

•cc 

. 

Power Supply Current 
(Note 4) 

Vcc = max. 

^ i 

97 

148 

mA 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0V, 25*C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. D(\j, A, B, C, POL, ME at Gnd. All other inputs and outputs open. Measured after a momentary ground then 4.5V applied to clock input. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125®C 

Supply Voltage to Ground Potential Continuous 

-0.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State 

—0.5V to +Vcc 

DC Input Voltage 

-0.5V to +5.5V 

DC Output Current, Into Outputs 

1 30mA 

DC Input Current 

—30mA to +5.0mA 
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SWITCHING CHARACTERISTICS 

(Ta = +25°C, VcC = 5,0V) 


Parameters 

Description 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

*PLH 

Clock to Y POL - LOW 


21 

32 



tpHL 


19 

29 



tpLH 

Clock to Y POL - HIGH 


16 

24 



^PHL 


19 

29 



tpLH 

Dn to Y 


10 

16 



tpHL 


13 

19 



tpLH 

CLR to Y 


22 

33 

ns 

Cl = l5pF 

'PHL 


22 

33 

Rl = 2.0kfi 

tpLH 

ME to Y 


12 

18 

ns 


tpHL 


12 

18 


tZL 



8 

14 

ns 


tZH 

OE to Y 


8 

14 


tLZ 


10 

17 


Cl = 5.0pF 

tHZ 



10 

17 


Rl = 2 . 0 kn 


A, B, C, POL 

10 





*■5 

CE 

15 





ts 

CLR Recovery 

5 



ns 

Cl = 15pF 

t 

Clock 

10 




Rl = 2.0kn 

^pw 

Clear (LOW) 

10 





th 

A, B, C, POL, CE 

0 



ns 



SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE* 

Parameters Description 

Am2922PC, DC 

Am2922DM, FM 

Units Test Conditions 

Ta = 0°C to -l-70°C 
Vcc = 5.0V ±5% 
Min. Max. 

Ta = -5SX to +125°C 
Vcc = 5.0V ±10% 
Min. Max. 

tpLH 

Clock to Y, POL-L 


40 


47 

ns 

Cl = 50pF 

Rl = 2.0kn 

tpHL 


34 


38 

tpLH 

Clock to Y, POL-H 


29 


33 

ns 

tpHL 


35 


41 

tpLH 

□n to Y 


19 


21 

ns 

tpHL 


22 


24 

tpLH 

CLR to Y 


39 


45 

ns 

tpHL 


39 


45 

tpLH 

to Y 


22 


26 

ns 

tpHL 


19 


20 

tZL 

OE to Y 


19 


24 

ns 

tZH 


22 


29 

tLZ 

OE to Y 


24 


30 

ns 

Cl = 5.0pF 

Rl = 2.0kn 

tHZ 


24 


30 

ts 

A, B, C POL 

11 


12 


ns 

Cl = 50pF 

Rl = 2.0kft 

CE 

18 


20 


ts 

CLR Recovery 

6 


7 


ns 

tpw 

Clock 

11 


12 


ns 

Clear (LOW) 

11 


12 


tH 

A, B, C, POL, CE 

3 


3 


ns 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am2923 

Eight-Input Multiplexer 


Distinctive Characteristics 

• Advanced Schottky technology • 3-state output for bus organized systems 

• Switches one of eight inputs to two complementary 
outputs 


FUNCTIONAL DESCRIPTION 

The Am2923 is an 8-input multiplexer that switches one of eight 
inputs onto the inverting and non-inverting outputs under the 
control of a 3-bit select code. The inverting output is one gate 
delay faster than the non-inverting output. 

The Am2923 features a 3-state output for data bus organization. 
The active-LOW strobe, or “output control” applies to both the 
inverting and non-inverting output. When the output control Is 
HIGH, the outputs are in the high-impedance state. When the 
output control is LOW, the active pull-up output is enabled. 


ORDERING INFORMATION 

Order the part number according to the table below to obtain 
the desired package, temperature range and screening level. 

Package Operating Screening 


Order Number 

Type 

(Note 1) 

Range 

(Note 2) 

Level 

(Note 3) 

AM2923PC 

P-16-1 

C 

C-1 

AM2923DC 

D-16-1 

G 

C-1 

AM2923DC-B 

D-16-1 

C 

B-1 

AM2923DM 

D-16-1 

M 

C-3 

AM2923DM-B 

,D-16-1 

M 

B-3 

AM2923FM 

F-16-1 

M 

C-3 

AM2923FM-B 

F-16-1 

M 

B-3 

AM2923LC 

L-20-1 

C 

C-1 

AM2923LC-B 

L-20-1 

C 

B-1 

AM2923LM 

L-20-1 

M 

C-3 

AM2923LM-B 

L-20-1 

M 

B-3 

AM2923XC 

Dice 

C 

\ Visual inspection 

AM2923XM 

Dice 

M 

> to MIL-STD-883. 
j Method 2010B. 

Notes: 1. P = Molded DIP, D = 

Hermetic DIP, L 

= Chip-Pak, F = 


Flat-Pak. Number following letter is number of leads. See 
Appendix B for detailed outline. Where Appendix B contains 
several dash numbers, any of the variations of the package 
may be used unless otherwise specified. 

2. C = 0 to +70°C, Vcc = 4.75 to 5.25V, M = -55 to +125°C, 
Vcc = 4.50 to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 
conform to MIL-STD-883, Class C. Level B-3 conforms to 
MIL-STD-883, Class B. 


RELATED PRODUCTS 

Part No. Description 

Am2922 8 Input MUX with Register Control 

Am25LS2535 8 input MUX with Register Control 


LOGIC DIAGRAM 



D-16, P-16 Leadless Chip Carrier 



BLi-070 F-16 pin configuration identical to D-16, P-16. bli-071 
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Am2923 

MAXIMUM RATINGS (Above which the useful life may be impaired). 


Am2923 


Storage Temperature 
Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 
DC Voltage Applied to Outputs for HIGH Output State 
DC Input Voltage 

DC Output Current, Into Output __ 

DC Input Current 


-65”Cto+150^ 
-55°C to -H 25°C 
-0.5V to +7V 
-0.5V to + Vcc rnax. 
-0.5Vto+5.5V 
30mA 

—30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am2923PC, DC, XC Ta =0 to 70°C Vcc = 5.0V ±5% (COM’L) MIN = 4.75V MAX = 5.25V 

Am2923DM, FM, XM Ta = -55. to +125°C Vcc = 5.0V ±10% (MIL) MIN = 4.5V MAX = 5.5V 


5 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x Input Load Factor (see Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Ice is measured with all outputs open and all inputs at 4.5V. 


Typ 

Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units 


VOH 

Output HIGH Voltage 

MIL 

Vcc = min, 

V|N = V|HprV,L 

lOH = -2mA 

2.4 

3.4 


Volts 

COM’L 

•oh “ -6.5mA 

2.4 

3.2 


VoL 

Output LOW Voltage 

Vcc = min, Iql = 20mA 

V,N = V,H or ViL 



0.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2 



Volts 

VlL 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min, I|n = -18mA 



-1.2 

Volts 

hi 

(Note 3) 

Unit Load 

Input LOW Current 

Vcc = max, V,n = 0.5 



-2 

mA 

hH 

(Note 3) 

Unit Load 

Input HIGH Current 

Vcc = max, V|n = 2.7 



50 


•i 

Input HIGH Current 

Vcc = max, V,n = 5.5V 



1 

mA 

lo(off) 

Off-State (High-Impedance) 

Output Current 

Vcc = max, Vq = 2.4V 

V|N = V,HOrV|L Vo = 0.5V 



50 

-50 

(xA 

•sc 

Output Short Circuit Current 
(Note 4) 

Vcc = max, Vout = o.ov 

-40 


-100 

mA 

•cc 

Power Supply Current 

Vcc = max (Note 5) 


55 

85 

mA 


SWITCHING CHARACTERISTICS (Ta = 25°C) 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

^PLH 

A, B, or C to Y; 4 Levels of Delay 



12 

18 


^PHL 



13 

19.5 


tpLH 

A, B, or C to W; 3 Levels of Delay 



10 

15 


tpHL 

Vcc = 5.0V, Rl = 280n, Cl = 15pF 


9 

13.5 


fpLH 

Any D to Y 


8 

12 


tpHL 



8 

12 


^PLH 




4.5 

7 

ns 

tpHL 

Any D to W 



4.5 

7 

tZH 




13 

19.5 

ns 

tZL 

Output Enable to Y 

Vcc = 5.0V, Rl = 280n, Cl = 15pF 


14 

21 

tZH 

Output Enable to W 


13 

19.5 


tZL 



14 

21 


^HZ 

Output Enable to Y 



5.5 

8.5 

ns 

tLZ 

Vcc = 5.0V, Rl = 280a, Cl = 5pF 


9 

14 

^HZ 

Output Enable to W 


5.5 

8.5 

ns 

tLZ 



9 

14 
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FUNCKON TABLE 


INPUTS 

OUTPUTS 


SELECT 


Output Control 



C 

B 

A 

S 

Y 

W 

X 

X 

X 

H 

Z 

z 

L 

L 

L 

L 

Do 

Do 

L 

L 

H 

L 

Di 

Di 

L 

H 

L 

L 

D2 

□2 

L 

H 

H 

L 

D 3 

D 3 

H 

L 

L 

L 

D 4 

D 4 

H 

L 

H 

L 

Ds 

D 5 

H 

H 

L 

L 

De 

De 

H 

H 

H 

L 

D 7 

Dy 


H = H!GH X = Don't Care 

L = LOW Z = High Impedance 


D 0 -D 7 =The output will follow the HIGH-level or LOW-level of 
the selected input. 

□o-Dy = The output will follow the complement of the HIGH- 
level or LOW-level of the selected input. 


DEFINITION OF FUNCTIONAL TERMS 

A, B, C The three select inputs of the multiplexer. 

Dq, , D2, D3, 

D4, D5, D0, Dy The eight data inputs of the multiplexer. 

Y The true multiplexer output. 

W The complement multiplexer output. 

S Output Control. HIGH on the output control (or strobe) 
forces both the W and Y outputs to the high-impedance (off) 
state. 


LOADING RULES (In Unit Loads) 

Fan-out 


Input/Output 

Pin No/s 

Input 
Unit Load 

Output 

HIGH 

Output 

LOW 

D 3 

1 

1 

- 

- 

D2 

2 

1 

- 

- 

Di 

3 

1 

- 

- 

Do 

4 

1 


- . 

Y 

5 

_ 

20 

10 

W 

6 

- 

20 

10 

s 

7 

1 

- 

- 

GND 

8 

- 

- 

- 

C 

9 

1 

- 

- 

B 

10 

1 

- 

- 

A 

11 

1 

- 

' - 

Dy 

12 

1 . 

- 

- 

De 

13 

1 

- 

- 

D5 

14 

1 

- 

- 

D4 

15 

1 

- 

- 

Vcc 

16 

- 

- 

- 


A Schottky TTL Unit Load is defined as 50)uA measured at 
2.7V HIGH and -2.0mA measured at 0.5V LOW. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 


BLI'-072 
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MULTIPLEXER OUTPUT 


MULTIPLEXER OUTPUT 


METALLIZATION AND PAD LAYOUT 


D3 


02 

Dl 

Do 

Y 

W 


GND 



15 

04 

14 

05 

13 

06 

12 

0? 

11 

A 

10 

B 


9 


8 


DIE SIZE: 0.064" X 0.067" 














Am2924 

Three"Line to Eight"Line Decoder/Demuitipiexer 


Distinctive Characteristics 

• Advanced Schottky technology 

• Inverting and non-inverting enable inputs 


FUNCTIONAL DESCRIPTION 


LOGIC DIAGRAM 


The Am2924 is a 3-line to 8-line decoder/demultiplexer fabricated 
using advanced Schottky technology. The decoder has three 
guttered select inputs A, B and C that are decoded to one of eight 
Y outputs. 

One active-HIGH and two active-LOW enables can be used for 
gating the decoder or can be used with incoming data for demul¬ 
tiplexing applications.^hen the enable input function is In the 
disable state, all eight Y outputs are HIGH regardless of the A, B 
and C select inputs. 


RELATED PRODUCTS 


Part No. Description 


Am25LS2536 

Am25LS2537 

Am25LS2538 

Am25LS2539 

Am25LS2548 

Am2921 


8-Bit Decoder 
1 of 10 Decoder 
1 of 8 Decoder 
Dual 1 of 4 Decoder , 

Chip Select Address Decoder 
1 of 8 Decoder 


ORDERING INFORMATION 

Order the part number according to the table below to obtain 
the desired package, temperature range and screening level. 

Package Operating Screening 

Type Range Level 

Order Number (Notel) (Note 2) (Note 3) 


AM2924PC 

P-16-1 

C 

C-1 

AM2924DC 

D-16-1 

C 

C-1 

AM2924DC-B 

D-16-1 

C 

B-1 

AM2924DM 

D-16-1 

M 

C-3 

AM2924DM-B 

D-16-1 

M 

B-3 

AM2924FM 

F-16-1 

M 

C-3 

AM2924FM-B 

F-16-1 

M 

B-3 

AM2924LC 

L-20-1 

C 

C-1 

AM2924LC-B 

L-20-1 

C 

B-1 

AM2924LM 

L-20-1 

M 

C-3 

AM2924LM-B 

L-20-1 

M 

B-3 

AM2924XC 

Dice 

C 

\ Visual inspection 

AM2924XM 

Dice 

M 

> to MIL-STD-883. 

J Method 2010B. 

Notes: 1. P = Molded DIP, D = 

Hermetic DIP, L = 

Chip-Pak, F = 

Flat-Pak. Number following letter is number of leads. See 


Appendix B for detailed outline. Where Appendix B contains 
several dash numbers, any of the variations of the package 
may be used unless otherwise specified. 

2. C = 0 to +70°C, Vcc = 4.75to 5.25V, M = -55 to +125'^C, 
Vcc = 4.50 to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 
conform to MIL-STD-883, Class C. Level B-3 conforms to 
MIL-STD-883. Class B. 


G1 


G2A 


G2B 


A 


C 



CONNECTION DIAGRAMS - Top Views 


D-16, P-16 



Leadiess Chip Carrier 
L-20-1 

y CD < ri* 



F-16 pin configuration identical to D-16, P-16. 

BLi-076 Note: Pin 1 is marked for orientation. bli-077 
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Am2924 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Am2924 

Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125'’C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

~0.5V to +7V 

DC Voltage Applied to Outputs for HIGH Output State 

—0.5V to +VCC max. 

DC Input Voltage 

-0.5V to +5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

—30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am2924PC, DC, XC = 0°C to +70°C Vcc = 5.0V ±5% (COM'L) MIN. = 4.75V MAX. = 5.25V 

Am2924DM, FM, XM =-55°C to+1 25°C Vcc = 5.0V ±10% (MIL) MIN. = 4.5V MAX. = 5.5V 

Typ. 


Parameters 

Description 

Test Conditions (Note 1) 

Min. 

(Note 2) 

Max. 

Units 

Vqh 

Output HIGH Voltage 

Vqc “ MIN., IqH “ —1mA 

MIL 

2.5 

3.4 


Volts 

V|N = V|H or V|L 

COM'L 

2.7 

3.4 


Vql 

Output LOW Voltage 

Vcc = min., Iol= 20mA 

V|N = V|H or V|L 



0.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = MIN., l|N = -18mA 



-1.2 

Volts 

l|L 

(Note 3) 

Input LOW Current 

Vcc = max.. V|N = 0.5V 



-2 

mA 

(Note 3) 

Input HIGH Current 

Vcc = max.. V|N = 2.7V 



50 

iuA 

‘1 

Input HIGH Current 

Vcc = MAX.. V|N =5.5V 



1.0 

mA 

•sc 

Output Short Circuit Current 
(Note 4) 

Vcc = max.. VquT = O-OV 

-40 


-100 

mA 

•cc 

Power Supply Current 

Vcc = max. (Note 5) 


49 

74 

mA 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0 V, 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x input Load Factor (See Loading Rules). 

4. .Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Outputs enabled and open. 


Switching Characteristics (Ta = +25''C) 


Parameters 

Description 

Test Conditions 

Min. 

Typ. 

Max. 

Units 

IPLH 

Two Level Delay 



4.5 

7 

ns 

tPHL 

Select to Output 



7 

10.5 

fPLH 

Three Level Delay 



7.5 

12 

ns 

fPHL 

Select to Output 

Vcc = 5V, Cl = 15pF, Rl = 280 a 


8 

12 

IPLH 

G^or^ 


5 

8 

ns 

fPHL 

to Output 



7 

11 

tpLH 

G1 to Output 



7 

11 

ns 

fPHL 



7 

11 






Am2924 


FUNCTION TABLE 


LOADING RULES (In Unit Loads) 


Inputs 

Outputs 

Enable 

Select 

G1 

G2A 

G2B 

C 

B 

A 

YO 

Yl 

Y2 

Y3 

Yi 




L 

X 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

X 

H 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H ' 

L 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

L 

L 

H 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H- 

L 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 


H = HIGH 
L = LOW 
X = Don't care 


Fan-out 


Input/Output 

Pin No.'s 

Unit Load 

Output 

HIGH 

Output 

LOW 

A 

1 

1 

- 

- 

B 

2 

1 

- 

- 

c 

3 

1 

- 

- 


4 

1 

- 

- ' 

55S 

5 

1 

-■ 

- 

G1 

6 

1 

- 

- 

-VT 

7 

- 

20 

10 

GND 

8 

- 

- 

- 


9 

- 

20 

10 


10 

- 

20 

10 

yr 

11 

- 

20 

10 


12 

- 

20 

10 

^2 

13 

- 

20 

10 


14 

- 

20 

10 

y-o 

15 

- 

20 

10 

Vcc 

16 

- 

- 

- 


A Schottky TTL Unit Load is defined as 50iUA measured at 2.7V HIGH 
and—2.0mA measured at 0.5V LOW. 


DEFINITION OF FUNCTIONAL TERMS: 

A, B, C Select. The three select inputs to the decoder. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


G1 The active-HIGH enable input. A LOW on the G1 in¬ 
put forces all Y outputs HIGH regardless of any other 
inputs. 

G2A, G2B Th e a ctive- LOW enable in|:^t. A HIGH on 
either the G2A or G2B input forces all Y outputs HIGH 
regardless of any other inputs. 

Tq. , Y 2 , Y 3 , Y 4 , Y 5 , Yq, Yy The eight decoder outputs. 



Note: Actual current flow direction shown. 


BL1-078 
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Am2925 

dock Generator and Microcycle Length Controller 


DISTINCTIVE CHARACTERISTICS 

• Crystal controlled oscillator 

Stable operation from 1 MHz to over 31 MHz 

• Four microcode controlled clock outputs 

Allows clock cycle length control for 15-30% increase in 
system throughput. Microcode selects one of eight clock 
patterns from 3 to 10 oscillator cycles in length 

• System controls for Run/Halt and Single Step 

, Switch debounced inputs provide flexible halt controls 

• Slim 0.3” 24-pin package 

LSI complexity in minimum board area 


BLOCK DIAGRAM 


RRST/LAST 

HALT 

RUN 

SSNC 

SSNO 



ORDERING INFORMATION 


Order the part number according to the table below to obtain 
the desired package, temperature range and screening level. 


Order Number 

Package 

Type 

(Note 1) 

Operating 

Range 

(Note 2) 

Screening 

Level 

(Note 3) 

AM2925DC 

D-24-Slim 

C 

C-1 

AM2925DC-B 

D-24-Slim 

C 

B-1 

AM2925DM 

D-24-Slim 

M 

C-3 

AM2925DM-B 

D-24-Slim 

M 

B-3 

AM2925LC 

L-28-1 

C 

C-1 

AM2925LC-B 

L-28-1 

C 

C-3 

AM2925LM 

L-28-1 

M 

B-1 

AM2925LM-B 

L-28-1 

M 

B-3 

AM2925XC 

Dice 

C 

1 Visual inspection 

AM2925XM 

Dice 

M 

> to MIL-STD-883 
) Method 201 OB. 


Notes; 1. D = Hermetic DIP. Number following letter is number of 
leads. 


2. C - 0 to +70°C, Vcc ^ 4.75 to 5.25V, M = -55 to +125°C, 
Vcc = 4.50 to 5.50V. 

3. Levels C-1 and C-3 conform to MIL-STD-883, Class C. 
Level B-3 conforms to MlL-STD-883, Class B. 


FUNCTIONAL DESCRIPTION 

The Am2925 is a single-chip general purpose clock generator/ 
driver. It is crystal controlled, and has microprogrammable clock 
cycle length to provide significant speed-up over fixed clock cycle 
approaches and meet a variety of system speed requirements. 
The Am2925 generates four different simultaneous clock output 
waveforms tailored to meet the needs of Am2900 and other 
bipolar and MOS microprocessor based systems. One-of-eight 
cycle lengths may be generated under microprogram control 
using the Cycle Length inputs Li, L 2 , and L 3 . 

The Am2925 oscillator runs at frequencies to over 31 MHz. A 
buffered oscillator output, Fq, is provided for external system 
timing in addition to the four microcode controlled clock outputs 
C-i, C 2 , C 3 and C 4 . 

System control functions include Run, Halt, Single -Step , Initialize 
and Ready/Wait controls. In addition, the FIRST/LAST input de¬ 
termines where a halt occur s and the C x input determines the end 
point timing of wait cycles. WAITACK indicates that the Am2925 
is in a wait state. 


CONNECTION DIAGRAMS - Top Views 
D-24-Slim 


GND r~ 

1 

J— 

24 

1 Vcc 

READY 

2 

23 

dCx 

■-iCI 

3 

22 

ZD ^ 

L 2 CZ 

4 

21 

1 WAITREQ 

LaCZ 

5 

20 

1 WAITACK 

Cl[Z 

6 

19 

ZD 

^2 d 

7 

18 

1 HALT 

C3 d 

8 

17 

1 FIRST/LAS 

C 4 d 

9 

16 

IDxi 

SSNC d 

10 

15 

IDX2 

SSNO d 

11 

14 

ID«=o 

GND d 

12 

13 

I Vcc 


Leadless Chip Carrier 
L-28-1 



Note: Pin 1 is marked for orientation. 
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LOGIC DIAGRAM 



DEFINITION OF FUNCTIONAL TERMS 


Cl, C2, C3, C4 


*- 2 , L 3 



System clock outputs. These outputs are all 
active during every system clock cycle. Their 
timing is determined by clock cycle length 
controls, L.,, L 2 and L 3 . 

Clock cycle length control inputs. These in¬ 
puts receive the microcode bits that select the 
microcycle lengths. They form a control word 
which selects one of the eight microcycle 
waveform patterns F 3 through Fio- 

The buffered oscillator output. Fq internally 
generates all of the timing edges for outputs 
Ci , C 2 , C 3 , C 4 and WAITACK. Fq rises just 
prior to all of the , C 2 , C 3 , C 4 transitions. 


HALT and RUN Debounced inputs to provide HALT control. 

These inputs determine whethe r the o utput 
clocks run or not. A LOW input on HALT (RUN 
= HIGH) will stop all clock outputs. 

FIRST/LAST HALT time contr ol inpu t. A HIGH input in 
conjunction with a HALT command will cause 
a halt to occur when C 4 = LOW and = C 2 
= 63 = HIGH ( see clo ck waveforms). A LOW 
input causes a HALT to occur when = C 2 
= 03 = LOW and C 4 = HIGH. 

SSNO and SSNC Single Step control inputs. These debounced 
inputs allo w syst em clock cycle single step¬ 
ping while HALT is activated LOW. 
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DEFINITION OF FUNCTIONAL TERMS (Cont.) 


The Wait Request active LOW input. When 
LOW this input will cause the outputs to halt 
during the next oscillator cycle before the Cx 
input goes LOW. 

Wait cycle control input. The clock outputs 
respond to a wait request one oscillator clock 
cycle after Cx goes LOW. Cx is normally tied 
to any one of Ci, C2, C3 or C4. 

The Wait Acknowledge active LOW output. 
When LOW, this output indicates that ail clock 
outputs are in the “WAIT” state. 


The READY active LOW input is used to con¬ 
tinue normal clock output patterns after a wait 
stage. 

The Initialize active LOW input. This input is 
intended for use during power up initialization 
of the system. When LOW all clock outputs 
free run regardless of the state of the Halt, 
Single Step, Wait Request and Ready inputs. 

External crystal connections. can also be 
driven by a TTL frequency source. 


Am2925 CLOCK WAVEFORMS 


WAVEFORMS 

AND 

TIMING 


WAVEFORMS 

AND 

TIMING 





Am2925 


ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM’L Ta = 0 to 70°C Vcc = 5.0V ±5% (MIN = 4.75V MAX = 5.25V) 

MIL Tc = -55 to 125°C Vqc = 5.0V ±10% (MIN = 4.50V MAX = 5.50V) 


DC CHARACTERISTICS OVER OPERATING RANGE 


Typ 

Parameters Description Test Conditions (Note 1 ) Min (Note 2 ) Max Units 


^OH 

. 

Output HIGH Voltage 

Vcc = MIN 

V|N = V|H or ViL 

Iqh = -1.0mA 

2.5 



Volts 

VoL 

Output LOW Voltage 

Vqc = MIN 

V|N = V|H or V|L 


Iql = 4.0mA 



0.4 

Volts 

WAITACK 

Cj 

Iql = 8.0mA 



0.45 

Iql = 12mA 



0.5 

Fo 

Iql — 16mA 



0.5 

Volts 

VlH 

Input HIGH Level 
(Note 3) 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

VlL 

Input LOW level 
(Note 3) 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM’L 



0.8 

V( 

Input Clamp Voltage 
(Note 3) 

Vqc = min, I|n = -18mA 



-1.5 

Volts 

'IL 

Input LOW Current 

Vcc = max 

V|N = 0.4V 

READY, INIT, L^, L 2 , L 3 



-0.4 

mA 

WAITREQ, X^ (See Figure 1) 



- 0.8 

mA 

SSNO, SSNC, RUN, WTi 



- 1.0 

mA 

^X 



- 1.2 

mA 

FIRST/LAST 



-1.5 

mA 

'iH 

Input HIGH Current 

Vcc = max 

V,N = 2.7V 

READY. INIT, L^, Lg, L 3 



20 

fxA 

WAITREQ 



50 

^tA 

SSNO, SSNC, rOn, haIj 



-500 

txA 

Cx 



70 

[xA 

FIRST/LAST 



-750 

fxA 

X| (See Figure 1) 



500 

IxA 

l| 

Input HIGH Current 

Vcc = max 

V,N = 5.5V 

READY, INIT, L^, L 2 , L 3 



100 

fjiA 

0 

1 ! 

Z 

> 

SSNO, SSNC, rUn, haTt 



100 

fxA 

V,N 5.5V 

WAITREQ, Cx 



1.0 

mA 

0 

:> 

II 

z 

> 

FIRST/L^ 



1.0 

mA 

V|N = 4.0V 

Xi (See Figure 1 ) 



1.0 

mA 

'sc 

Output Short Circuit 
Current (Note 4) 

Vcc = max 

-30 


-85 

mA 

'cc 

Power Supply Current 
(Note 5) 

Vcc = MAX 


85 

120 

mA 


Notes: 1. For conditions shown as MIN or MAX use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical values are at Vqq = 5.0V, 25°C ambient and maximum loading. 

3. Does not apply to X^ and X 2 . 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Ice varies with temperature and oscillation frequency as shown in Figure 2. The parameters specified (worst case) applies to fo = 0, +25°C, Ci = 
C 2 = C 3 = LOW, C 4 = HIGH, Xi = 2.4V, X 2 = open and Fq = LOW. The variations shown in Figure 2 apply to typical values. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

-65 to +150°C 

Temperature (Ambient) Under Bias 

-55 to +125°C 

Supply Voltage to Ground Pote/itial Continuous 

-0.5 to +7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5V to +Vqc max. 

DC Input Voltage 

-0.5V to +5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

-30 to +5.0mA 
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SWITCHING CHARACTERISTICS 

(Ta=+25°C,Vcc=5.0V) 



Parameters 

Description 

Min 

Typ 

Max 

Units 

Test Conditions 

1 

^MAXI 

Fq Frequency (Cx Connected) (Note 6 ) 

31 



MHz 

Cl=15pF 

2 

fMAX2 

Fq Frequency (Cx = HIGH) 


42 



Rl = 280a 

3 

^OFFSET 

Fq {J~) to Ci, Cg, C 3 . C 4 or WAITACK (_r) 

0 

5.0 

7.5 

ns 


4 

Offset 

Fq (_r) to Ci, C 2 , C 3 , C 4 or WAITACK ("l_) 

3 

11.5 

16 

ns 


5 

%KEW 

q (j-)toC 2 (_r) 

0 

0.5 

2 

ns 


6 

%KEW 

c,(_r)toC 3 (_r) 

0 

0.5 

2 

ns 



%KEW 

Ci (_r) to C 4 CT-) Opposite Transition 

4 

7 

10 

ns 


8 

% 

Li - L 2 , L3toCi (_f) 

5 



ns 


9 

tH 

Li,L2.L3toCi(_r) 

9 



ns 


10 

ts 

Cx'toFo(_r)(Note7) 

20 

17 


ns 


11 

tH 

CxtoFo(_r) (Note?) 

0 

-10 


ns 

Cl = 50pF 

12 

ts 

WAITREO to Fq (_r) (Note 8 ) 

20 

17 

i 

ns 

Rl = 2 . 0 kn 

13 

tH 

WAiTREQ to Fq (_r) (Note 8 ) 

0 

-10 


ns 


14 

ts 

READY to Fo(_r) (Notes) 

20 

17 


ns 


15 

tH 

READY to Fo(_J") (Notes) 


-10 


-1 

ns 


16 

ts 

HALT (1_) to Fq (_r) (Notes 8 ,9) 

20 

14 


ns 


17 

ts 

SSNC, SSNO to Fq (_r) (Notes 8 ,9) 

20 

14 

1 

ns 


18 

ts 

FIRST/LAST to Fq (_r) (Note 10) 

25 

17 


ns 


19 

ts 

iNiT(-L)toFo(_r)(Note 8 ) 

30 



ns ' 


20 

tpwL 

ir¥f LOW Pulse Width 

15 

1 _ 1 

10 

_1 

ns 


21 

tpLH 

INIT to WAITACK 

1 

1 

16 

23 

ns 


22 

tpLH 

Propagation Delay (Note 11) 

1 

13 

16 

ns 

Cl= 15pF 

23 

tpHL 

Xi toFo 

1 _: 

14 

17 ^ 

ns 

Rl - 2800 


TYPICAL EXTERNAL CONNECTIONS 



DESIGN CONSIDERATIONS 

1. Oscillator external connections should be less than 1" long - 
wirewrap is not recommended, 

2. Vcc and GND connections should be less than long to 
power plane. 

3. Supply decoupling includes both high frequency and bulk 
storage elements. 

4. The same considerations apply for 3rd overtone configura¬ 
tions. 



is not a TTL input. It is a crystal connection to an inverting linear 
oscillator amplifier, and is specified primarily for test convenience. 


Figure 1. Am2925 Xf Input Characteristics 
(Typical, Vcc = 5.0V) 
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SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 


Parameters 



Description 

Fq Frequency (Cx Connected) (Note 6 ) 

Fq Frequency (Cy = HIGH) 

Fq (_r) to Ci, C 2 , C 3 , C 4 orWAITACK(_r) 
Fq (_r) to Ci, C 2 , C 3 , C 4 orWAITAGK ( 1 _) 

Ci (_r)toC2(_r) _ 

Ci (_r) toC3(_r) __ 

Ci (_r) to C 4 (“L) Opposite Transition 

1 - 1 , L 2 , L 3 to Cl (_f~) _ 

Li,L2,L3toCi iJT) _ 

CxtoFo(_r) (Note?) _ 

CxtoFp (jT) (Note?) _ 

WAITREQ to Fq (_r) (Note 8 ) 

WAITREQ to Fq (_r) (Note 8 ) 

READY to Fq (_r) (Note 8 ) 

READY to Fq (_r) (Note 8 ) 

Rm, HALf ("L) to Fq (_r) (Notes 8,9) 
SSNC, SSNO to Fq (_r) (Notes 8 ,9) 
FIRST/LAST to Fq (_r) (Note 10) 

iNiT(1-)toFo(J-)(Note 8)_ 

LOW Pause Width 
INITtoWAITACK 

Propagation Delay (Note^ll) 
to Fq 


Am2925 COM’L 

TA = 0to +70°C 
Vcc = 5.0V ±5% 


Am2925 MIL 

Tc = -55to+125“C 
Vcc = 5.0V ±10% 


Test 

Conditions 


Cl = 50pF 
R, =2.0kn ! 


Cl= 15pF 
Rl = 280n 


Notes: 6 . The frequency guarantees apply with Cx connected to Ci, C 2 , C 3 , C 4 or HIGH. The Cx input load must be considered part of the 50pF/2.0kn 
clock output loading. 

7. These setup and hold times apply tq the Fq LOW-to-HIGH transition of theperiod in which Cx goes LOW. 

8 . These inputs are synchronized internally. Failure to meet tg may cause a I/Fq delay but will not cause incorrect operation. 

9. These inputs are “debounced” by an internal R-S flip-flop and are intended to be connected to manual break-before-make switches. 

10. FIRST/LAST is normally wired HIGH or LOW. 

11. Reference point of T offset has been moved forward which has increased T offsets. 
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Am2925 APPLICATIONS 


DETAILED FUNCTIONAL DESCRIPTION 

The Am2925 is a dynamically programmable general-purpose 
clock generator/driver. It can be logically separated into three 
parts. There is an oscillator, a state machine decoder and a state 
machine control section. 

The oscillator is a linear inverting amplifier which with a minimum 
of external parts may be configured as a 1 st harmonic* crystal 
oscillator, 3rd harmonic* crystal oscillator, L-C oscillator or used 
to buffer an external clock, the buffered, inverted output of this 
oscillator is availavble as Fq. 

The state machine takes microcode information from the Micro- 
cycle Length “L” inputs Li, L 2 and L 3 and counts the fundamental 
frequency of the internal oscillator, Fq, to create the clock outputs, 
C-j, C 2.1 C 3 and 

The clock outputs have a characteristic wave shape relationship 
for each microcycle length. For example, is always LOW only 
on the last Fq clock period of a microcycle and C 4 is always LOW 
on the first. C 3 has an approximately 50% duty cycle, and C 2 is 
HIGH for all but the last two periods. 

The current state of the machine is contained in a register, part of 
which is the Clock Generator Register. Ci, C 2 , C 3 and C 4 are the 
outputs of this- register. These outputs and the outputs of the 
Microcycle Control Latch are fed into a set of combinatorial logic 
to generate the next state. On each falling edge of the internal 
clock the next state is entered into the current state register. The 
Microcycle Control Latch is latched when C-j is HIGH. This means 
that it will be loaded during the last state of each microcycle, 
(Cl = C 2 = C 3 == LOW, C 4 = HIGH). This internal latch selects 
one of eight possible microcycle lengths, F 3 to Fio- 

The state machine control logic, which determines the mode of 
operation of the state machine, is intended to be connected to a 
front panel. There are four basic modes of operation of the 
Am2925 comprised of Run, Halt, Wait and Single Step. 

SYSTEM TIMING 

In the typical computer, the time required to execute different 
instructions varies. However, the time allotted to each instruction 
is the time that it takes to execute the longest instruction. The 
Am2925 allows the user to dynamically vary the time allotted for 
each instruction, thereby allowing the user to realize a higher 
throughput. 

This application note will cover several aspects of the Am2925. 
The first topic to be covered is the oscillator section which is 
responsible for providing the basis of all system timing. Second 
will be how to operate the Am2925; last will be an example of an 
Am2925 in a 16-bit microprogrammed machine. 

OSCILLATOR 

The Am2925 contains an inverting, linear amplifier which is in¬ 
tended to form the basis of a crystal oscillator. In designing this 
oscillator it is necessary to consider several factors related to 
the application. 

The first consideration is the desired frequency accuracy. This 
may be subdivided into several areas. An oscillator is considered 
stable if it is insensitive to variations in temperature and supply 
voltage, and if it is unaffected by individual component changes 
and aging. The design of the Am2925 is such that the degree to 

*lt is understood that the terms “fundamental mode” and “3rd overtone” 
are generally regarded as more technically correct, but “1st harmonic” 
and “3rd harmonic” are used here because of their more generally 
accepted usage 


which these goals are met is determined primarily by the choice of 
external components. Various types of crystals are available and 
the manufacturers’ literature should be consulted to determine 
the appropriate type. For good temperature stability, zero tem¬ 
perature coefficient capacitors should be used (Type NPO). For 
extreme temperature stability, an oven must be used or some 
other form of temperature compensation applied. 

Absolute frequency accuracy must also be considered. The res¬ 
onant frequency varies with load capacitance. It is therefore 
Important to match the load specified by the crystal manufacturer 
for a standard crystal (usually 32pF), or to specify the load when 
ordering a special crystal. It should then be possible to determine 
from the crystal characteristics the load tolerance to maintain a 
given accuracy. If the “set-on” error due to load tolerance is 
unacceptable, a trimmer capacitor should be incorporated for fine 
adjustment. 

The mechanism by which a crystal resonates is electro¬ 
mechanical. This resonance occurs at a fundamental frequency 
( 1 st harmonic) and at all odd harmonics of this frequency (even 
harmonic resonance is not mechanically possible). Unless 
otherwise constrained crystal oscillators operate at their funda¬ 
mental frequency. However, crystals are not generally available 
with fundamental frequencies above 20-25MHz. At higher fre¬ 
quencies, an overtone oscillator must be used. In this case, the 
crystal Is designed to oscillate efficiently at one of its odd har¬ 
monic frequencies and additional components are included in the 
oscillator circuit to prevent it oscillating at lower harmonics. 

Where a high degree of accuracy or stability is not required, the 
amplifier may be configured as an L-C oscillator. It may also be 
driven from an external clock source if operation is required in 
synchronism with that source. 

1st Harmonic (Fundamental) Oscillator 

The circuit of a typical 1st harmonic oscillator is shown in Figure 1. 
The crystal load is comprised of the two 68 pF capacitors in series. 
This 34pF approximates the standard 32pF crystal load. If a 
closer match is required then one of the capacitors should be 
replaced with a parallel combination of a fixed capacitor and a 
trimmer. The nominal value of the combination should be 60pF to 
provide proper crystal loading. 

A typical crystal specification for use in this circuit is: 

Frequency Range: 5-20MHz 
Resonance: Parallel Mode 
Load: 32pF 

Stability: .01% or to match systems requirements 
Case: H-17 - for smaller size 
Temp Range: -30 to -h70°C 

Note: Frequency will change over temp 


Am2925 

Xi X2 




HDH 


Cl 

68pF 


C2 

68pF 


Figure 1. Connections for 5-20 MHz mpr 792 
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It is good practice to ground the case of the crystal to eliminate 
stray pick-up and keep all connections as short as possible. 

Note: At fundamental frequencies below 5MHz it is possible for 
the oscillator to operate at the 3rd harmonic. To prevent this a 
resistor should be added in series with the X 2 pin as shown in the 
circuit diagram. 

The resistor value should match the impedance of C 2 : 


R = XC2 = 


1 

27r f C 2 


3rd Harmonic Oscillator 

At frequencies greater than 20MHz the crystal can be operated 
at its 3rd harmonic. A typical circuit is shown in Figure 2. Two 
additional components are included; an inductor, L-j, and a 
capacitor, C 3 . The purpose of the capacitor is to block the d.c. 
path through the inductor and thereby maintain the correct 
amplifier bias. C 3 should be large (^lOOOpF). 

The inductor forms a parallel tuned circuit with C-j. This circuit has 
its resonance set between the 1st and 3rd harmonics of the 
crystal and is used to prevent the osciilator operating at the 1st 
harmonic. In the 1st harmonic oscillator (Figure 1), the crystal 
appears as an inductor and forms a Ti-network with the two 
capacitors, thus providing the necessary phase shift for oscilla¬ 
tion. In the 3rd harmonic oscillator, L-) and Ci are chosen such 
that at the 3rd harmonic the impedance of circuit is equivalent to 
that of the capacitor C 2 in the 1st harmonic oscillator, (Figure 3b). 
Thus, the same 7r-network is formed (Figure 3c) and oscillation is 
possible. At the 1st harmonic the tuned circuit appears as an 
inductor (Figure 3a), the 77 -network is not formed and oscillation 
is not possible. 



Figure 2. Connections for Frequencies above 20MHz 


The following specification is typical for a crystal to be used in a 
3rd harmonic oscillator. 

Frequency Range: Above 20MHz 
Resonance: Parallel Mode 
Load: 32pF 

Stability: .01 % or to match systems requirements 
Case: H-17 - for smaller size 
Temp Range: -30 to+70°C 

Note: Frequency will change temp 

Again it is good practice to ground the crystal case and keep 
connections short. 



a) Fundamental Equivalent 



c) 3rd Harmonic Equivalent 
Figure 3. Forcing Third Harmonic Oscillation 
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Design Procedure 

( 1 ) Assume = 82pF and C 2 = 68 pF (this gives a sensible 
inductor value). L-| is calculated according to thp formula 


1151 fo = Operating frequency in MHz 

h Li in^uH 

'o 

This sets the resonant frequency of the L-C combination at 
0.52 fo. 

(2) Select the closest standard value inductor for L-j. Using this 
value calculate Ci such that the resulting crystal load at the 
3rd harmonic is 32pF. 


Ci 


= 60 4- 


25330 

Li • fo^ 


Ci in pF. 


Choose the closest standard capacitor value to this. 


Using standard values both the resonant frequency of the L-C 
circuit (fr) and the crystal load are non-optimal. This will cause a 
slight error in the oscillating frequency. If this is not permissible Ci 
may be a fixed capacitor in parallel with a trimmer such that the 
range of adjustment includes the calculated value for Ci. This is 
then set to give the desired frequency. In either case the approxi¬ 
mate inductor value will cause the resonant frequency to the L-C 
circuit to change. This frequency, f^, may be computed and 
should remain approximately midway between the 1st and 3rd 
harmonic. 


f _ 159 V MHz 

r _ y ^ Li in ^H 

Ci in pF. 

L-C Oscillator 

The Am2925 can be operated as*an L-C tuned oscillator (Figure 
4) and will perform as a stable oscillator within the restrictions of 
the chosen frequency determining components, i.e., (inductor 
and capacitors). The circuit chosen is a classical 7 r-network with 
DC loop isolation. The Am2925 oscillator is a DC biased linear 
amplifier. This DC bias is necessary and therefore C 3 is included 
to block the DC path through the inductor. If a variable slug tuned 
inductor is used a moderate range of frequency adjustment 
tuneability (approximately 2:1) can be achieved. The range can 
be enhanced by switching the two resonant capacitors (Ci, C 2 ) to 
larger or smaller values. The specific frequency of operation can 
be determined by the formula 

1 

' " 277/ L C 

(where C is Ci and C 2 in series). 



Figure 4. L-C Tuned Oscillator 


External Clock Drive 

The Am2925 can be driven from an external clock source at a 
signal level of 1.0V P-P or greater. This is accomplished by 
reducing the gain of the amplifier, and AC coupling the input 
signal (Figure 5). The gain is reduced by feeding the amplifier 
output back to the input through a 4.7kn resistor. AC coupling is 
provided by a O.OVF capacitor. The controlled gain minimizes 
ringing caused by the fast rising edges of the driver. 

The AC coupling maintains oscillator output symmetry by pre¬ 
serving oscillator DC bias levels. Xi can be driven directly by TTL 
levels meeting the DC input requirements. 



Am2925 

Xi X 2 

l<Vcc 

3—If- 

... 


Cl 

O.OVF 


Figure 5. External Clock Drive 


Am2925 Control Inputs 

The control inputs fall into two categories, microcycle length 
control and clock control. Microcycle length control is provided via 
the “L” inputs which is intended to be connected to the micropro¬ 
gram memory. The “L” inputs are used to select one of eight cycle 
lengths ranging from three oscillator cycles for pattern F 3 to ten 
oscillator cycles for pattern Fiq. This information is always loaded 
at the end of the microcycle into the Microcycle Control Latch. The 
microcycle latch performs the function of a pipeline register for 
the microcycle length microcode bits. Therefore, the cycle 
length goes in the same microword as the instruction that it is 
associated with. 

The clock control inputs are used to synchronize the micro- 
pro gram machin e with the external world and I/O devices. Inputs 
like RUN, HALT, SSNO and SSNC, which start and stop execu¬ 
tion, are meant to be connected to switches on the front panel of 
the microprogrammed machine (see Figure 6 ). These inputs 
have internal pull-up resistors and are connected to a n R-S 
flip-flop in order to provide switch debouncing. The FIRST/LAST 
input is used to deter mine at what point of the microcycle the 
Am2925 will halt when HALT or a SINGLE STEP is initiated. In 
most applications the user wires this input HIGH or LOW de¬ 
pending on his design. 


SPD 

T SWITW_^ 

roiT ''■='= 


t_ 

HALT 



Am2925 


__ 

SSNC 


NO 9 

SSNO 

GND 


SPOT PUSHBUTTON SWITCH 


MPR-799 


Figure 6. Switch Connection for RUN/HALT and 
Single Step 


4-248 




Am2925 



When HALT is held low (RUN = HIGH) the state machine will start 
the halt mode on the last (C-| = LOW) or the first (C 4 = LOW) state 
of the microcycl e as d etermined by the FIRST/LAST input. When 
RUN goes low (HALT = HIGH) the state machine will resume the 
run mode. 

The WAITREQ, Cx, READY and WAITACK signals are used to 
synchronize other parts of a computer system (memory, I/O 
devices) to the CPU by dynamically stretching the microcycle. For 
example, the CPU may access a slow peripheral that requires the 
data remain on the data bus for several microseconds in which 
case the peripheral pulls the WAITREQ line LOW. The Cy input 
lets the designer specify when the WAITREQ line is sampled in 
the microcycle. This has a direct impact on how much time the 
peripheral has to respo nd in order to request a wait cycle (see 
Figure 7). The READY line is used by the peripheral to signal 
whe n it is read y to resume execution of the rest of the microcycle. 
The WAITACK line goes LOW on the next oscillator cycle after the 
Cx input g oes LOW and remains LOW until the second oscillator 
cycle after READY goes LOW. 

The SSNO and SSNC inputs are used to initiate the SINGLE 
STEP mode. These debounced inputs allow a single microcycle 
to occur while in the halt mode. SSNO (normally open) and SSNC 
(normally closed) are intended to be connected to a momentary 
SPDT switch. After SSNO has been low for one clock edge, the 
state machine will change to the run mode. The microcycle will 
end on the first or last state of the microcycle depending on the 
state of the FIRST/LAST. 


AC Timing Signal References 

Set-up and hold times in registers and latches are measured 
relative to the clock signals that drives them. In the Am2925, the 
crystal oscillator provides a free running clock signal that drives 
all the registers on the devices. This clock is provided for the user 
through the buffered output of Fq. Therefore, Fq is used as the 
reference for set-up, hold and clock to output times. However for 
the Microcontrol Latch, the set-up and hold times are referenced 
to the Ci output which is the buffered version of the latch enable. 
This reference is appropriate for the Microcontrol Latcb because 
in a typical application this latch is considered part of the pipeline 
register which is also driven by one of the “C” outputs. 


Clock Outputs 

There are four clock outputs provided for the user which have 
different duty cycles. The user must make a decision as to which 
one .best fits his purposes. For example, in a three address 
architecture, with the Am2903 (Figure 8 ), the C 3 clock (approxi¬ 
mately 50% duty cycle) could be used to drive the clock input 
while C 2 (always low last two oscillator cycles) drives Instruction 
Enable. This guarantees, for microcycie lengths greater than 
four, that the internal RAM data latches of the Am2903 are closed 
and the destination address is multiplexed onto the B address bus 
before the RAM begins the Write cycle (Figure 9). 

16-BIT MACHINE WITH Am2925 

The block diagram in Figure 10 shows a 16-bit microprogrammed 
machine which uses an Am2925 to generate system timing. The 
design decisions include oscillator frequency and clock pattern 
selections. 

Selecting the Crystal 

In order to pick the oscillator frequency, a detailed timing analysis 
of the machine must be done in order to determine the execution 
length of every operation to be performed, For each operation 
there will be several delay paths, which usually include the ALU 
and the microprogram control. 



Figure 8. Am2903 Three Address Architecture 
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Figure 9. Am2903 Three Address Operation mpr 802 



Figure 10. 16-Bit Microprogrammed Machine mpb sos 
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Figure 11 is an example of two of these paths. PATH 1 is a path 
through the Am2910 (Figure 10) for a microprogram Conditional 
Jump Subroutine. PATH 2 is a data flow path through the Am2903 
for an Add instruction. Therefore, if the operation were an Add 
with a Conditional Jump Subroutine the maximum delay would be 
196ns. If there were a Program Control Unit also, then delays 
through it would have to be considered. 

After the execution times all of the instruction types have been 
calculated, the oscillator frequency can be selected. It is desirable 
to minimize the difference between the most commonly used 
instructions and multiples of the oscillator period. In this way the 
most efficient use can be made of the variable microcycle 
scheme. 

For example, in the hypothetical machine in Figure 10 there are 
five instruction types (most machines will have more). Figure 12 is 
a table which lists each instruction type, corresponding execution 
time, and anticipated percentage of the typical instruction stream 
for each instruction. Several possible frequencies are shown 
which contain the next highest multiple of the corresponding 
oscillator period for each instruction. 20MHz is the best choice 
because it comes closest to matching instructions A and C which 
compose 90% of the typical instruction stream. 

In this example, 20MHz was chosen. At 20MHz there is a choice 
between fundamental or overtone crystals. Fundamental fre¬ 
quency crystals are commonly available up to 25MHz and 3rd 
harmonic crystals are available above 17MHz. A fundamental 
crystal was selected for the example machine because the com¬ 
ponent count for the oscillator design is lower than for the over¬ 
tone design. However, if it had turned out that 30MHz was a better 
choice then overtone operation would be chosen since funda¬ 
mental crystals above 25MHz are not generally available. 

Fixed Bandwidth Buses 

For those designs that require a data bus with fixed bandwidth 
and fixed time slots for each memory access, the designer should 
consider using cycle lengths which are a multiple of the shortest 
cycle length, i.e., cycle lengths 3,6 and 9 or cycle lengths 4 and 8. 


The design could further require that the bus be accessed only 
during the shortest cycle length. Therefore, by using multiple 
cycle lengths it can be predicted when the CPU will access the 
bus and for how long, thereby maintaining the fixed bandwidth. 

Performance Comparison 

Estimated performance can be calculated directly from Figure 12. 
For a fixed microcycle machine the longest instruction execution 
time would have to be used for all instructions, yielding an aver¬ 
age instruction time of 228ns. With a variable microcycle machine 
the average instruction time is the sum of the products for each 
instruction, of the percentage of the instruction stream and the 
next highest multiple. The average instruction for the example 
machine with a 20MHz crystal is: 

(0.6 X 150 -h .08 X 200 + .3 + 200 + .01 x 200 + .01 + 250) = 
170.5ns 

This represents a 25% increase in system performance without 
requiring any other system speed-ups and without requiring 
faster devices. 


Device No. 

Device Path 

Path 1 

Path 2 

Am27S27 

CP - Q 

27 

27 

Am2904 

INST - CT 

58 

- 

Am2903 

l/AB - GP 

. 

81 

Am2910 

CC - Y 

43 

- 

Am2902A 

GP - CN -h Z 

- 

7 

Am27S27 

TS 

55 

- 

Am2903 

CN - Z 

- 

64 

Am2904 

TSZ 

- 

17 

Total ' 

ns 

183 

196 


Figure 11. Delay Path Totals for an Add and a Conditional 
Jump Subroutine 


instruction 

Type 

A 

B 

C 

D 

E 

Unit 

I 

Execution Time 

143 

180 

184 

200 

228 

ns 

Percentage of 
Instruction Stream 

60% 

8 % 

30% 

1 % 

1 % 

% 

Closest Multiple 
Oscillator Period 







20MHz P = 50 

150 (3P) 

200 (4P) 

200 (4P) 1 

200 (4P) 

250 (5P) 

ns 

25MHz P = 40 

160 (4P) 

200 (5P) 

200 (5P) j 

200 (5P) 

240 (6P) 

ns 

30MHz P = 33 

167 (5P) 

200 (6P) 

200 (6P) j 

200 (6P) 

233 (7P) 

ns 

33MHz P = 30 

150 (5P) 

180 (6P) 

210 (7P) 1 

210 (7P) 

240 (8P) 

ns 


Figure 12. instruction Time Analysis 
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Am2926 • Am2929 

Sclioffity Three-State Quad Bus Driver/Receiver 


Distinctive Characteristics 

• Advanced Schottky technology 

• 48mA driver sink current 

• 3-state outputs on .driver and receiver 

• PNP inputs 

• Am2926 has inverting outputs 

• Am2929 has non-inverting outputs 


• Driver propagation delay - 14ns max for Am2926; 17ns 
max for Am2929 

• Receiver propagation delay - 14ns max for Am2926; 

17ns max for Am2929 


FUNCTIONAL DESCRIPTION 

The Am2926 and Am2929 are high speed bus transceivers 
consisting of four bus drivers with three-state outputs and 
four bus receivers, also with three-state outputs. Ee,ch driver 
output is internally connected to a receiver input. Both the 
drivers and receivers have PNP inputs. 

One buffered common "'bus enable" input is connected to 
the four drivers and another buffered common "receiver 
enable" input is connected to the receivers. A LOW on the 
bus enable (B/E) input forces the four driver outputs to the 
high-impedance state. A HIGH on the bus enable allows 
input data to be transferred onto the data bus. 

A HIGH on the receiver enable (R/E) input forces the four 
receiver outputs to the high-impedance state while a LOW 
on the receiver enable input allows the received data to be 
transferred to the output. The complementary design of the 
bus enable and receiver enable inputs allows these control 
inputs to be connected together externally such that a single 
transmit/receive function is derived. 


LOGIC SYMBOL 



Vcc=P'n16 
GND = Pin 8 

BLI-136 


LOGIC DIAGRAMS 

Am2926 Am2929 

Inverting Output (3-State) Non-Inverting Output (3-State) 


Dq D-] O2 D^ 



Do Di Dj D3 



CONNECTION DIAGRAM 
Top View 


Vcc B/E R3 B3 O3 Rj B2 02 

nnnnnnnn 



12 3 4 56 78 

U U U U U LTD ET 

R/E Rq Bq Dq Ri B., D, GND 


BLI-081 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 

Am2926/2929 

Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

-0.5V to +7V 

DC Voltage Applied to Outputs for HIGH Output State 

-0.5V to +Vcc 

DC Input Voltage 

-0.5V to +5.5V 

DC Output Current, Into Outputs (Receiver) 

30mA 

DC Output Current, Into Outputs (BUS) 

80mA 

DC Input Current 

—30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

The Following Conditions Apply Unless Otherwise Noted: 

Am2926PC, DC, XC Am2929PC, DC, XC = 0®C to+75°C(COM'L) MIN.=4.75V MAX. = 5.25V 
Am2929DM, XM Am2926DIVI, XM T/y = -55°C to+125°C(MIL) MIN. = 4.50V MAX. = 5.50 V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Parameters 

Description 


Test Conditions (Note 1 ) 

Min. 

(Note 2) 

Max. 

Units 

Driver 

«IL 

Low Level Input Current 

V||V) = 0.4 V 



-200 

mA 

'IL 

Low Level Input Current (Disabled) 

V||Vi =0.4V 



-25 

mA 

l|H 

High Level Input Current (D||\i, Dg) 

V|n=VccMAX. 



25 

mA 

VoL 

Low Level Output Voltage 

•out “ . 



0.5 

Volts 

VOH 

High Level Output Voltage 

• out = -10mA, Vcc = VccIVIIN. (Note 6) 

2.4 



Volts 

•os 

Short Circuit Output Current 

Vqut = OV, Vcc = Vcc^^AX.(Note 4) 

-50 


-150 

mA 

Receiver 

l|L 

Low Level Input Current 

V||m=0.4V 



-200 

mA 

»IH 

High Level Input Current(Rg) 

V,N = VccIVlAX. 



25 

mA 

VOL 

Low Level Output Voltage 

•out ~ 20mA (Note 5) 



0.5 

Volts 

VoH 

High Level Output Voltage 

•out -100 mA, Vcc ^ s.ov 

3.5 



Volts 

•out “ —2.0mA (Note 6) 

2.4 



•os 

Short Circuit Output Current 

Vqut =0V, Vcc = Vcc^VIAX. 

-30 


-75 

mA 

Both Driver and Receiver 

VjL 

Low Level Input Threshold Voltage 


0.85 



Volts 

VjH 

High Level Input Threshold Voltage 




2.0 

Volts 

•o 

Low Level Output Off Leakage Current 

Vqut ~ 0.5 V 



-100 

mA 

High Level Output Off Leakage Current 

Vqut = 2.4 V 



100 

mA 

V| 

Input Clamp Voltage 

•in " —12mA 



-1.0 

Volts 

PWR/ 

Power/Current Consumption 

Am2926 

Vcc = Vccl^AX. 



457/87 

mW/mA 

icc 

Am2929 

VCC = Vcc^VIAX. 



578/110 


Switching Characteristics (Ta = +25°C, Vcc = 5.0 V) Am2926 Am2929 


Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units 


tPLH 

Driver Input to Bus 

Figure 1 


10 

14 


13 

17 

ns 

<PHL 


10 

14 


13 

17 

tpLH 

Bus to Receiver Output 

Figure 2 


9.0 

14 


12 

17 

ns 

tPHL 


6.0 

14 


9.0 

17 

tZL 

Driver Enable to Bus 

Figures 


19 

25 


21 

28 

ns 

tLZ 


15 

20 


18 

23 

*ZL 

Receiver Enable to 

Receiver Output 

Figure 4 


15 

20 


18 

23 

ns 

tLZ 


10 

15 


13 

18 


Notes: 1. 


4. 

5. 

6 . 


For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
Tvpical limits are at Vqq = 5.0 V, 25°C ambient and maximum loading. 

Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Output sink current is supplied through a resistor to V^c- 

Measurements apply to each output and the associated data input independently. 
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Am2926/2929 


DEFINITION OF FUNCTIONAL TERMS 

Dq, Di, D 2 , D 3 The four driver inputs. 

Bq, Bi, B 2 , B 3 The four driver outputs and receiver inputs 
(data is inverted). 

Ro» ^2# R 3 The four receiver outputs. Data from the 
bus is inverted while data frorti the driver inputs is non¬ 
in verted. 

B/E Bus enable input. When the bus enable input is LOW, 
the four driver outputs are in the high-impedance state. 

R/E Receiver enable Input. When the receiver enable input 
is HIGH, the four receiver outputs are in the high-impedance 
state. 


DRIVER FUNCTION TABLE 


INPUTS 

Am2926 

OUTPUT 

Am2929 

OUTPUT 

B/E 

D| 

bT 

“b[ 

L 

X 

Z 

Z 

H 

L 

H 

L 

H 

H 

L 

H 


L = LOW X = Don't Care 

H = HIGH Z = High Impedance 

i = 0, 1,2, or 3 


LOADING RULES (In Unit Loads) 

LOW Fan-out 


Input/Output 

Pin No.'s 

Input 
Unit Load 

Output 

HIGH 

Output 

LOW 

r7e 

1 

1/8 

- 

- 

Ro 

2 

- 

50 

10 

'W 

3 

1/16 

250 

25 

Do 

4 

1/8 

- 

- 

Ri 

5 

- 

50 

10~ 

'bT 

6 

1/16 

250 

25 

Dl 

7 

1/8 

- 

- 

GND 

8 

- 

- 

- 

D2 

9 

1/8 

- 

_ 


10 

1/16 

250 

25 

R2 

11 

- 

50 

10 

D 3 

12 

1/8 

- 

- 

B 3 

13 

1/16 

250 

25 

«3 

14 

- 

50 

10 

B/E 

15 

1/8 

- 

- 

vcc 

16 

- 

- 

- 


A TTL Unit Load is defined as —1.6mA measured at 0.4V LOW 
and 40jLtA measured at 2.4V HIGH. 


RECEIVER FUNCTION TABLE 


INPUTS 

Am2926 

OUTPUT 

Am2929 

OUTPUT 

R/E 

Bi 

Ri 

Ri 

H 

X 

Z 

Z 

L 

L 

H - 

L 

L 

H 

L 

H 


L = LOW X = Don't Care 

H = HIGH Z = High Impedance 

1 = 0.1,2, or 3 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 


BLI-082 
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Am2926/2929 


AC TEST CIRCUITS AND WAVEFORMS 

PROPAGATION DELAY (Data In to Bus) 



1,5V 

‘PHL —I |— 1^*' 


INPUT PULSE: 
tr = tf=5ns(10%to 90%) 
freq = lOMHz (50% duty cycle) 
Amplitude = 2.6 V 


Figure 1 


BLI-083 


PROPAGATION DELAY (Bus to Receiver Out) 





Amplitude = 2.6V 


B LI-084 


PROPAGATION DELAY (Bus Enable to Bus Output) 



Figure 3 


BLI-085 


PROPAGATION DELAY* (Receive Enable to Receive Output) 




1.5V 1.5V 

'L2- J [-• — ^ hi — ’’’Zl 

1^^"-V 




INPUT PULSE 
tr = tf = 5ns(10%to 90%) 
freq = 5IVIHz (50% duty cycle) 
Amplitude = 2.6V 


BLt-086 


5-255 




Am2926/2929 


APPLICATION 


B2 83 


4-BIT BUS 
TO OTHER 
Am2926's 


H = TRANSMIT H = TRANSMIT 

L= RECEIVE L= RECEIVE 

BLI-087 


ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Am2926 
Order Number 

Am2929 

Order Number 

Package Type 
(Note 1) 

Operating Range 
(Note 2) 

Screening Level 
(Note 3) 

AM2929PC 

AM2929PC 

P-16-.1 

C 

C-1 

AM2929DC 

AM2929DC 

D-16-1 

C 

C-1 

AM2929DC-B 

AM2929DC-B 

D-16-1 

C 

B-1 

AM2926DM 


D-16-1 

M 

C-3 

AM2926DM-B 


D-16-1 

M 

B-3 

AM2926XC 

AM2926XM 

*AM2929XC 

Dice 

Dice 

C 

M 

1 Visual inspection 

1 to MIL-STD-883 

1 Method 2010 B. 


Notes: ' . 

1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. Where Appendix B 
contains several dash numbers, any of the variations of the package may be used unless othenA/ise specified. 

2. C - 0 to 70°C, Vcc = 4.75V to 5.25V, M - -55 to + 125X, Vqc = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 


Metallization and Pad Layouts 
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Ann2927 • Ann2928 

Quad Three-State Bus Transceivers With dock Enable 


DISTINCTIVE CHARACTERISTICS 


• Quad high-speed LSI bus-transceivers 

• Three-state bus driver and receiver outputs 

• D-type register on drivers 

• Latch output on Am2927 

• Registered output on Am2928 

• Output data to- input wrap around gating 

• Input register to output transfer gating with or without 
driving data bus 


• Clock enabled registers 

• Bus driver outputs can sink 48mA at 0.5V max. 

• Three-state receiver outputs sink 24mA at 0.5V max. 

• 3.0V minimum Vqh direct interface to MOS 
microprocessors 

• Advanced low-power Schottky processing 


FUNCTIONAL DESCRIPTION 


The Am2927 and Am2928 are high-performance, low-power 
Schottky, quad bus transceivers intended for use in bipolar or 
MOS microprocessor system applications. 

Both devices feature register enable lines which function as 
clock enables without introducing gate delay in the clock inputs. 
The four transceivers share common enables, clock, select and 
three-state control lines. 

The Am2927 consists of four D-type edge-triggered flip-flops. 
Each flip-flop output is connected to a three-state data bus driver 
and separately to the input of a corresponding receiver latch 
input. The receiver latch can select input from the driver or the 
data bus. The select line determines the source of input data for 
the bus driver choosing between input data or data recirculated 
from the receiver output. The receiver output also has a three- 
state output buffer. 

The co mbination of the select input, S, th e driver input enable, 
ENDR, and the receiver latch enable, RLE, provide seven differ¬ 


ent data path operating modes not available in other trans¬ 
ceivers. For example, transmitted data can be stored in the re¬ 
ceiver for subsequent retransmission. Also, received data can be 
output to the system and simultaneously fed back to the driver 
input. 

The Am2928 is similar to the Am2927, but with a D-ty pe edge - 
triggered register in the receiver and a receiver enable, ENREC, 
which functions as a common clock enable. 

Data from each D input is inverted at the bus output. Likewise, 
data at the bus input is inverted at the receiver output. 

All three-state controls and enable lines are a ctive low (the 
Am2927 receiver latch is transparent when RLE is LOW). The 
select input, S, determines whether the enabled driver input 
accepts data from the data input, D, or from the corresponding 
receiver output, Y. Similarly, the select line determines whether 
the receiver accepts input data from the data bus, or the driver 
output. 


Am2927 


SIMPLIFIED LOGIC DIAGRAMS 


Am2928 




S ENDR CP BE 

SELECT DRIVER CLOCK BUS 

ENABLE INPUT ENABLE 


RLE I J_ 

RECEIVER OE 

LATCH OUTPUT 

ENABLE ENABLE 


r> 


S ENDR BE ENREC CP OE 

SELECT DRIVER BUS RECEIVER CLOCK OUTPUT 

ENABLE ENABLE ENABLE INPUT ENABLE 


B LI-088 



LOGIC SYMBOL 

Am2927 CONNECTION DIAGRAM - Top View 





Vcc ENDROE Y3 D3 BUS3 Y2 Dg BUS2 BE 






nnnnnnnnnn 




n n p 



20 19 18 17 16 15 14 13 12 11 


- 0 

OE 

u 1 0 





— 

'CP 

Yo 



s 


_ 

S 

Yi 

— 






Am2927 



\ 


—-o 

ENDR 

Y2 

— 


• 


- 0 

RLE* 




|l 2 3 4 5 6 7 8 9 10 


_0 

BE 

Y3 



□ □ U'U U' u 



1 BUSo BUSi BUSj BUS3 1 



S -RLE Yg Dg BUSg Y, D, BUS, CLK GND 



n 

f 1 M ■ 


Note: Pin 1 is marked for orientation. 


•ENREC for Am2928 


BLI-089 

•ENREC for Am2928 

BLI-090 
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Am2927/2928 


DETAILED LOGIC DIAGRAMS 
Am2927 

BUS 


DATA 
INPUT D ' 






o 


ONE OF FOUR TRANSCEIVER SECTIONS 
COMMON CONTROLS 


SEL 


DATA 
INPUT D ■ 



AA 


t> 


ONE OF FOUR TRANSCEIVER SECTIONS 
COMMON CONTROLS 


I I i 


S ENDR 
SELECT DRIVER 
ENABLE 


CP 

CLOCK 

INPUT 


BUS 

ENABLE 


ENREC 

RECEIVER 

ENABLE 


I 


OUTPUT 

ENABLE 


MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

-65 to +150°C 

Temperature (Ambient) Under Bias 

-55 to +125°C 

Supply Voltage to Ground Potential 

-0.5 to +7V 

DC Voltage Applied to Outputs for HIGH Output State 

-0.5 V to +Vcc 

DC Input Voltage 

-0.5 to +5.5V 

DC Output Current, Into Outputs (Except BUS) 

30 mA 

DC Output Current, into Bus 

100 mA 

DC Input Current 

—30 to +5.0mA 
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Am2927/2928 


ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM’L Ta = 0 to +70°C Vcc = 5.0V ±5% (MIN = 4.75V MAX = 5.25V) 

MIL Ta = -55to +125°C Vcc = 5.0V ±10% (MIN = 4.50V MAX = 5.50V) 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Parameters 

Description 

Test Conditions (Note 1) 

Min 

Typ 

(Note 2) 

Max 

Units 

VoL 

Bus Output LOW Voltage 

Vcc = MIN 

lOL 24mA 



0.4 

Volts 

•oL - 48mA 



0.5 

Vqh 

Bus Output HIGH Voltage 

Vcc = min 

COM’L, loH = -20mA 

2.4 



Volts 

MIL, Iqh = -15mA 

2.4 



VlH 

Receiver Input HIGH Threshold 

Bus Enable = 2.4V 

2.0 



Volts 

VlL 

Receiver Input LOW Threshold 

Bus Enable = 2.4V 



0.8 

Volts 

•off 

Bus Leakage Current (Power Off) 

Vcc = OV, Vo = 4.5V 



100 

/jlA 

'OZL 

Bus Leakage Current 

Vcc = max 

Vo = 0.4V 


^ ,1 --r... 

mA 

■OZH 

(HIGH Impedance) 

Bus Enable = 2.4V 

Vo = 2.5V 


100 


•sc 

Bus Output Short Circuit Current 

Vcc = max, Vo = OV 



mA 

Cb 

Bus Capacitance (Note 4) 

Vcc = OV 


pF 


COM’L Ta = 

MIL T> 

DC CHARAi 

Parameters 




Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under MItr icall 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading^ 

3. Not more than one output should be shorted at a time. Duration c 

4. This parameter is typical of device characterization data and is 


ELECTRICAL CHARACTEI 

The Following Conditions 


pplicable device type, 
^d one second. 



(MIN = 4.75V MAX = 5.25V) 
(MIN = 4.50V MAX = 5.50V) 

^OVER OPERATING RANGE (Except Bus Ports) 
Description Test Conditions (Note l) 


Typ 

Min (Note 2) Max 


Units 


VoH 

Receiver Output HIGH Voltage 

Vcc = min 

V,N = V|H orViL 

MIL, Iqh = -2.0mA 

2.4 

3.4 


Volts 

COM’L, Iqh = -6.5mA 

2.4 

3.4 


Vcc = 5.0V 

Iqh = -100/i.A 

3.0 



Vql 

Output LOW Voltage 

Vcc = min 

V|N = V|L or V|H 

•oL = 24mA 



0.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical 
high voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical 

LOW voltage for all inputs 

MIL 



0.8 

Volts 

COM’L 



0.8 

Vl 

Input Clamp Voltage 

Vcc — min, l||sj = —18mA 



-1.2 

Volts 

•iL 

Input LOW Current 

Vcc = MAX, V|N = 0.4V 

s, endr 



-2.8 

mA 

All other inputs 



-1.4 

•iH 

Input HIGH Current 

Vcc = max, V|n = 2.7V 

S, ENDR 



100 

(xA 

All other inputs 



50 

•l 

Input HIGH Current 

Vcc = max, V|n = 5.5V 



1.0 

mA 

•OZH 

Off-State Output Current 
(Receiver Output) 

Vcc = max 

Vq = 2.4V 



100 

fiA 

•oZL 

Vo\= 0.5V 



-50 

•sc 

Output Short Circuit Current 

Vcc = max 

Receiver 

-40 


-100 

mA 

be 

Power Supply Current 

Vcc = max 

Am2927 


150 

185 

mA 

Am2928 


153 

190 
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Am2927/2928 

Am2927 

SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 





Am2927XM 

Am2927XC 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

tpLH 

Driver Clock, CP, to BUS 

Cl (BUS) = 50pF 

Rl (BUS) - 130n 


18 

26 


18 

23 

ns 

tpHL 


18 

26 


18 

23 

tZH • tZL 

Bus Enable, BE, to BUS 


14 

26 


14 

23 


tHZ/tLZ 

Rl = 130ft, Cl = 5pF 


12 

18/30 


12 

16/23 


tpw 

Min Clock Pulse Width (HIGH or LOW) 


18 



15 



ns 

^PLH 

BUS to Receiver Output (Latch Enabled) 




23 


16 

20 


tpHL 

Cl = 50pF 

Rl = 270ft 



23 


16 

20 


tpLH 

Latch Enable, RLE, to Receiver Output 



26 


18 

23 


¥hl 



26 


18 

23 


tZH • tZL 

Output Enable, OE, to Receiver Output 




23 



21 

ns 

tHZ • tLZ 

Cl = 5pF, Rl = 270ft 



21 


14 

18 

ts 

Driver Enable, ENDR, to Clock 


10 



9 



ns 

th 


3 



3 



W 

Select, S, to Clock (^ = HIGH) 


18 



15 



ns 

th 


3 

■ 


2 



tpLH 

Select, S, to Receiver Output 

Cl = 50pF, Rl = 270ft 



26 


d 

I 23 

ns 

tpHL 



35 

■■ 


30 

ts 

Data Inputs, D, to Clock 


9 






ns 

th 


5 


mi 

w * 


i. 

ts 

BUS to Latch Enable, RLE 




□ 


^ _ 

P 

ns 

th 

... ^ 

m 1 

□c 

IkJ 

■■ 

IH 



Notes: 1. For conditions shown as MIN or MAX, use the appropriate value spa 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maxim^gi^adii 

3. Not more than one output should be shorted at a time^Arl^ 

Am2928 

SWITCHING CHARACTERISl 


eristi^or the applicable device type, 
fnot exceed one second. 


APERATURE RANGE 





Am2928XM 

Am2928XC 


Parameters 


Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

IPLH 


Cl (BUS) = 50pF 

Rl (BUS) = 130ft 





mm 








mm 




Bus ^Eble, BE, to BUS 









Rl = 130ft, Cl = 5pF 



18/30 


B 


IPLH 

Clock, CP, to Receiver Output 






mm 




Cl = 50pF, Rl = 270ft 





mm 



Min Clock Pulse Width (HIGH or LOW) 


18 








Output Enable, OE, to Receiver Output 






14 

B 



Cl = 5pF, Rl = 270ft 





B 

B 

ts 

Driver Enable, ENDR, to Clock 









th 


3^ 



3 



ts 

BUS to Clock (Receiver Register) 


8 



B 




th 


5 



4 



ts 

Receiver Enable, ENREC, to Clock 


10 



8 



ns 

th 


5 



4 



ts 

S to Clock 








ns 

th 


5 



4 



ts 

Data Inputs, D, to Clock (Driver Register) 


9 



7 



ns 

th 


5 



4 




Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am2927/2928 


DEFINITION OF FUNCTIONAL TERMS 


CP 


Clock Pulse to internal registers enters data on the OE 
LOW-to-HIGH transition. 


Output Enable. When Output Enable is LOW the 
four receiver outputs Y are active. 


BE Bus Enable. Wh en Bu s Enable is LOW the four 

drivers drive the BUS outputs. 

BUS q, BDS i, The four driver outputs and receiver inputs. 

BUS2, BUS3 

^ 1 » The four driver data inputs inverting from D to 

D 2 , D 3 BUS. 

Yq. Yi , The four receiver data outputs inverting from BUS 
Y 2 , Y 3 to Y. 

S Select input controls data path modes in conjunc¬ 

tion with ENDR and RLE (or ENREC). 


ENDR 


RLE 


ENREC 


Driver Enable. Common clock enable for the input 
register. Allows the data on the D Inputs to be 
loaded into the driver register on the clock LOW- 
to-HIGH transition. 

Receiver Latch Enable (Am2927 only). When Re¬ 
ceiver Latch Enable is LOW, the four receiver 
latches are trans parent. The latches hold received 
data when RLE is HIGH. 

Receiver Enable (Am2928 only). Common clock 
enable for the receiver register. Allows the BUS 
driver or previous receiver data to enter the re¬ 
ceiver register on the rising edge of the clock. 


Am2927 FUNCTION TABLES 


Driver Register Control 



(/} 

Ml 

Driver Register 

H 

X 

X 

Hold Previous Data 

L 

L 

X 

Load from D Input 

L 

H 

L 

Load from BUS 

L 

H 

H 

Load Latched Receiver Data 


Receiver Latch Control 


ENDR 

s 

RLE 

Receiver Output 

X 

X 

H 

Data Latched 

H 

H 

L 

Driver Register Output at Y Output 
(Latch Transparent) 

X 

L 

L 

Bus Data at Y Output 

L 

X 

L 

(Latch Transparent) 


Am2928 FUNCTION TABLES 


Driver Register Control _ Receiver Register Control 


ENDR 

S 

ENREC 

Receiver Output 

X 

X 

H 

Hold Previous Data 

H 

H 

L 

Load from Driver Register 

X 

L 

L 

Load from BUS 

L 

X 

L 



s 

Driver Register 

H 

X 

Hold Previous Data 

L 

L 

Load from D Input 

L 

H 

Load from Receiver Register 


ORDERING INFORMATION 


Am2927 

Order Number 

Am2928 

Order Number 

Package 

Type 

Operating 

Range 

Screening 

Level 

AM2927DC 

AM2928DC 

D-20 

C 

C-1 

AM2927DM 

AM2928DM 

D-20 

M 

C-3 

AM2927LC 

AM2928LC 

L-28 

C 

C-1 

AM2927LCB 

AM2928LCB 

L-28 

C 

B-2 

AM2927LM 

AM2928LM 

L-28 

M 

C-3 

AM2927LMB 

AM2928LMB 

L-28 

M 

B-3 

AM2927XC 

AM2928XC 

Dice 

C 

] Visual inspection 
> to MIL-STD-883 

AM2927XM 

AM2928XM 

Dice 

M 

j method 201 OB 
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Am2927/2928 


APPLICATION 



The Am2927 and Am2928 can be used to provide Data Bus, Address Bus and Control Bus Interface in a 
high-speed bipolar microprocessor system, bli-oss 


Am2927 AND Am2928 FUNCTION TABLE 


Driver Input 
From 

Receiver Input 
From 

Control Input Condition 

Signal Flow 

BE 

S 

ENDR 

* 

D 

Input 

BUS 

L 

L 

L 

BUS 

•huMek 

H 

(No Load) 

L 

L 

H 


L 

Receiver 

BUS 

H 

L 

L 


H 

(No Load) 

H 

L 

H 


L 

(No Load) 

BUS 

L 

H 

L 

[D]L{Rh 

H 

Driver 

H 

H 

L . 

©•Meh 

X 

(No Load) 

X 

H 

H 

©-I ©— 

L 


*RLE for Am2927 (asynchronous) or ENREC for Am2928 ( S )■ 


LOAD TEST CIRCUIT 


TEST 

POINT 


Vcc 



BLI-223 


Note: For standard totem-pole outputs, remove R-i; Si and S 2 closed. 


5-262 




5-263 






























Am2930 

Program Control Unit 


DISTINCTIVE CHARACTERISTICS 


GENERAL DESCRIPTION 


• Powerful, 4-bit slice address controller for memories 
Useful with both main memory and microprogram memory 
Expandable to generate any address length 

• Executes 32 instructions 

Automatic generation of address and update of program 
counter for fetch cycles, branch cycles, and subroutine call 
and return 

• Contains cascadable full adder 

Twelve different relative address instructions are provided, 
including jump-to-subroutine relative and return-from-sub- 
routine relative 


The Am2930 is a four-bit wide Program Control Unit intended 
to perform machine level addressing functions, although the 
device can also be used as a microprogram sequencer. Four 
Am2930's may be interconnected to generate a 16-bit address 
(64K words). The Am2930 contains a program counter, a sub¬ 
routine stack, an auxiliary register, and a full adder for com¬ 
puting relative addresses. 

The Am2930 performs five types of instructions. These are: 
1) Unconditional Fetch; 2) Conditional Jump; 3) Conditional 
Jump-to-Subroutine; 4) Conditional Return-from-Subroutine; 
and 5) miscellaneous instructions. 


• Built-in condition code input 

Sixteen instructions are dependent on external condition 
control 

• Seventeen-level push/pop stack 

On-chip storage of subroutine return addresses nested up to 
17 levels deep 

• Separate incrementer for program counter 

A relative address may be computed and PC may be incre¬ 
mented by ope on a single cycle 


RELATED PRODUCTS 


There are four sources of data for the adder which generates 
the Address outputs (Y 0 -Y 3 ). These are: 1) the Program 
Counter (PC); 2) the Stack (S); 3) the auxiliary Register(R); 
and 4) the Direct inputs (D), Under control of the Instruction 
inputs (I 0 -I 4 ), the multiplexers at the adder inputs allpw var¬ 
ious combinations of these terms to be generated at the three- 
state Y address outputs. The instruction lines also control the 
updating of the program counter and the auxiliary register. A 
condition code input is provided for conditional instructions. 


BLOCK DIAGRAM 


Part No. 

Description 

Am2902A 


Am2904 


Am2920 

8 -Bit Register 

Am2922 

Condition Code MUX 


For applications information, see Chapter V of Bit Slice Micro¬ 
processor Design, Mick & Brick, McGraw Hill Publications. 



Y CP Vqc GND 


MPR-221 
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Am2930 

MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

”65 to +150®C 

Temperature (Ambient) Under Bias 

-55to+125X 

Supply Voltage to Ground Potential 

-0.5to+7.0V 

DG Voltage Applied to Outputs for High Output State 

-0.5V to Vcc 

DC Input Voltage 

-0.5 to +5.5V 

DC Output Current, into Outputs 

30mA 

DC Input Current 

-30 to + 5.0mA 


OPERATING RANGE 

Part Number Temperature Vcc 


Am2930PC, DC 

Ta = 0 to 70X 

4.75V to 5.25V 

Am2930DM, FM 

Tc = -55 to +125X 

4.50V to 5.50V 


DC CHARACTERISTICS OVER OPERATING RANGE 


Typ 

Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units 


VoH 

Output HIGH Voltage 

Vcc = min., 

V|N = V|LorV,H 

Vo, Yi, Y2, Y3 
Gf Cn+4, 

Ci-f4 

•oh - -1.6mA 

2:4 



-~l 

Volts 

p, fDll, 

EMPTY 

•oh = -1.2mA 

2.4 



VoL 

Output LOW Voltage 

Vcc = min. 

V|N = V|L or V|H 

Vo, Yi, Yg, Y3 

Iql — 20mA 
(COM'L) 



0.5 

Volts 

Iql = lemA (MIL) 



0.5 

G, Cn+4 

Ci-»-4 

Iql = 16mA 



0.5 

p, fOll, 

EMPTY 

Iql = 12mA 



0.5 

VlH 

Input HIGH Level (Note 4) 


2.0 



Volts 

V|L 

Input LOW Level (Note 4) 




0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = MIN., I|N = -18mA 



-1.5 

Volts 

•iL 

Input LOW Current 

Vcc = max., V,n = 0.5V 

Do-3 



-.360 

mA 

lo-4, RE, lEN, 

CP, OE 



-.702 




-.657 

Ci 



-2.31 

Cn 



-3.25 

•iH 

Input HIGH Current 

Vcc = MAX., V,N = 2.7V 

Do-3 



20 

(jlA 

lo- 4 , lEN, 

CP, OE 



40 




50 

Ci 



90 

Cn 



250 

h 

Input HIGH Current 

Vcc = max., V,n = 5.5V 



1.0 

. 1 

mA 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-30 


-85 

mA 

•OZL 

Output OFF Current 

Vqc = MAX., 

OE = 2.4V 

Yo-3 

VouT = 0.5V 



-50 

HA 

•OZH 

Vqut = 2.4V 



50 

•cc 

Power Supply Current 
(Note 5) 

Vcc = max. 

Ta = 25°C 


150 

205 

mA 

Tc = —55 to 'l-125°C 



239 

Tc=+125°C 



170 

Ta = 0 to 70°C 



220 

Ta = 70X 



185 


Notes: 1. For conditions shown $s MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25X ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide no guaranteed noise immunity and should only be tested in a static-, noise-free environment. 

5. Minimum Ice ‘s at maximum temperature. 
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Am2930 SWITCHING CHARACTERISTICS 

Tables A, B, C and D define the timing characteristics of the Am2930. Measurements are made at 1.5V with V|l = OV and 
V|H = 3.0V. For three-state disable tests, Ci_ = 5.0pF and measurement is to 0.5V change on.output voltage level. 

I. GUARANTEED PERFORMANCE OVER COMMERCIAL OPERATING RANGE. 

Vcc = 4.75 to 5.25V, Ta = 0 to 70°C 


TABLE lA 

Clock Characteristics. 


Minimum Clock LOW Time 

31ns 

Minimu(Ti Clock HIGH Time 

33ns 


TABLE IB 

Output Enable/Disable Times. 

All in ns. 

Ci_ = 5.0pF for output disable tests. 


From 

To 

Enable 

Disable 

OE 

Y 

27 

26 

cc 

(Note 1) 

Y 

55 

37 

U-o 

(Note 1) 

Y 

80 

55 


TABLE 1C 

Combinational Propagation Delays. 

All in ns. 

Outputs fully loaded. Cl = 50pF. 


To 

\vOutput 

FrornX. 

Input 

Y 

. 

G, P 

Gn+4 

Gi-f4 

l4=L 

Ci+4 

l4=H 

Fufi 


Empty 

U-o 

81 

67 

77 

80 

91 

69 

- 

CC 

63 

45 

55 

- 

72 

42 

- 

Cn 

32 

- 

25 

- 

45 

- 

- 

Cj 


— 

- 

22 

22 

- 

- 

CP 

69 

53 

61 

43 

78 

55 

55 

D 

49 

33 

40 

- 

59 

- 

- 

lEN 


- 

- 

- 

- 

40 

- 


TABLE ID 

Setup and Hold Times. Ail in ns. 

All relative to clock 
LOW-to-HIGH transition. 


Input 

CP: ^ 


Set-up 

Time 

Hold 

Time 

U-o 

114 

0 

CC 

75 

0 

Ien 

55 

0 

Cn 

43 

0 

Cj 

32 

5 

D (^ = L, 

I4.0 = 0-8 or 10-15) 

25 

2 

D (All other conditions) 

66 

2 

RE 

24 

4 


Note 1: “Suspend” instruction. 


II. GUARANTEED PERFORMANCE OVER MILITARY OPERATING RANGE. 

Vcc = 4.5 to 5.5V, Tc = -55 to +125°C 


TABLE IIA 

Clock Characteristics. 


Minimum Clock LOW Time 

35ns 

Minimum Clock HIGH Time 

35ns 


TABLE IIB 

Output Enable/Disabie Times. 

All in ns. 

Cl = 5.0pF for output disable tests. 


From 

To 

Enable 

Disable 

OE 

Y 

32 

31 

CC 

(Note 1) 

Y 

60 

42 

U-o 

(Note 1) 

Y 

85 

60 


TABLE lie 

Combinational Propagation Delays. 

All in ns. 

Outputs fully loaded. Cl = 50pF. 


X. To 

XOutput 

From\^^ 

Input 

Y 

G, P 

Gn-l-4 

Gi-f4 

U=L 

Gi+4 

l4=H 

Full 


Empty 

U-o 

88 

74 

82 

87 

97 

78 

- 

CC 

68 

52 

60 

- 

78 

47 

- 

Cn 

37 

- 

30 

- 

46 

- 

- 

Cj 



- 

23 

23 

- 

- 

CP 

74 

58 

66 

48 

84 

60 

60 

D 

55 

38 

45 

- 

65 

- 

- 

IEN 


- 

- 

- 

- 

45 

- 


Note 1; “Suspend” instruction. 


TABLE IID 

Setup and Hold Times. All in ns. 

All relative to clock 
LOW-to-HIGH transition. 


Input 

CP: y 


Set-up 

Time 

Hold 

Time 

U-o 

124 

0 


80 

0 

IEN 

69 

0 

Cn 

52 

0 

Cj 

37 

5 

D (RE = L, 

I4.0 = 0-8 or 10-15) 

30 

2 

D (All other conditions) 

72 

2 


29 n 

4 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vqc current as the device switches may 
cause erroneous function failures due to Vcc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground 
cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 


4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
V|L ^ 0.4V and V|h ^ 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation 
on our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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ARCHITECTURE OF THE Am2930 

The Am2930 is a bipolar Program Control Unit intended for use 
in high-speed microprocessor applications. The device is a cas- 
cadable, four-bit slice such that three devices allow addressing 
of up to 4K words of memory and four devices allow addressing 
of up to 64K words of memory. 

As shown in the Block Diagram, the device consists of the 
following: 

1) A full adder with input multiplexers 

2) A Program Counter Register with an Incrementer and an 
input multiplexer 

3) A 17 X 4 Last-In, First-Out (LIFO) stack consisting of an 
input multiplexer, a 17 x 4 RAM, and a Stack Pointer 

4) An auxiliary register with an input multiplexer 

5) An instruction decoder 

6) Four 3-state output buffers on the address outputs 

The following paragraphs describe each of these blocks in detail. 
Full Adder 

The Full Adder is a binary device with full lookahead carry 
logic for high-speed addition and provision is made for further 
lookahead ^y including both carry propagate (P) and carry 
generate (G) outputs. In slower systems, the carry output 
{Cn+4) can be connected to the next higher Cn to provide 
ripple block arithmetic. The carry input to the adder (Cp) is 
internally inhibited during those instructions which do not re¬ 
quire an addition to be performed. For these instructions, the 
data is passed directly through the adder, independent of the 
state of Cp. 

The multiplexers at the A and B inputs of the adder are con¬ 
trolled by the I nstruction decoder which selects the appropriate 
adder inputs for the selected instruction. 

Program Counter 

The program counter consists of a register preceeded by an 
Incrementer. The Program Counter Register (PC) Is a four-bit, 
edge-triggered, D-type register which Is loaded from the Incre¬ 
menter output on the LOW-to-HIGH transition of the clock 
input (CP) at the end of every Instruction. 

The incrementer utilizes full lookahead logic for high speed. 
For cascading devices, the carry output of the incrementer 
(Cj+4) is connected to the incrementer carry input (Cj) of the 
next higher device. The output of the incrementer, which is 
loaded into the PC, is equal to the incrementer input plus Cj. 
Therefore, It is possible to control the entire cascaded incre¬ 
menter from the Cj input of the least significant device; a LOW 
on the Cj input of the least significant device will simply pass 
the data from the multiplexer output to the inputs of PC; a 
HIGH will cause the outputs of the multiplexer to be incre¬ 
mented before they are loaded into PC. During three Instruc¬ 
tions (unconditional Hold and conditional Hold and Suspend 
when the CC input is LOW), the Cj input is internally inhibited; 
therefore, data is passed from the multiplexer output to the PC 
without incrementing. The multiplexer selects the input to the 
incrementer from either PC or the output of the Full Adder, 
depending upon the instruction being executed. During the 
Jump, Jump-to-Subroutine, and Return instructions, the multi¬ 
plexer chooses the Full Adder outputs as the input to the in¬ 
crementer if the CC input is LOW. The Full Adder output Is 
also selected for the Reset Instruction. For all other instruc¬ 
tions, the PC is selected as the input to the incrementer. 


17x4 LIFO Stack 

The 17x4 LIFO stack consists of a multiplexer, a 17x4 RAM, 
and a Stack Pointer (SP) which address the words in the RAM. 

The SP always points to the last word written Into the RAM 
(Top of the Stack). The Top of the Stack (S) is available at the 
output of the RAM. 

Data is pushed onto the Top of the Stack from either D or PC. 
It Is written into memory location SP+1. The SP is incremented 
on the LOW-to-HIGH clock transition at the end of the cycle 
so that it still points to the last data written Into the RAM. 

Fora Pop operation, the contents of the RAM are not changed, 
but the SP is decremented at the end of the cycle so that it 
then points to the new Top of the Stack. 

The SP is an up/down counter which changes state on the 
LOW-to-HIGH transition of the Clock input. It is internally 
prevented from incrementing when the stack is full and from 
decrementing when the Stack is empty. When the Stack is full, 
the RAM write circuitry is also inhibited. 

The active LOW Empty output (EMPTY) is LOW when the 
stack is empty (after the Reset instruction and after the last 
word ha s been Popped from the stack); the active LOW Full 
output (FULL) is LOW either when the stack is full or when 
the current Instruction being executed will fill the stack (during 
and after the 17th Push). 

Auxiliary Register (R) 

The Auxiliary Register (R) can be loaded from either the Direct 
inputs (D) or the output of the Full Adder. It is loaded on the 
LOW-to-HIGH transition of the clock input (CP) If the Regis¬ 
ter Enable input (RE) Is LOW or If the Instruction Inputs call 
for It to be loaded. When RE is LOW, R is loaded from the D 
inputs unless the Instruction dictates that R be loaded from 
the output of the Full Adder. 

Instruction Decoder 

The Instruction Decoder generates the signals necessary to 
establish the data paths and to enable the loading of the PC, 
R, SP, and RAM. 

For unconditional Instructions, the CC input is not utilized; 
it may be either HIGH or LOW. For conditional instructions, 
if CC is LOW, the condition is met and the conditional oper¬ 
ation is performed; if CC is HIGH, a Fetch PC is performed. 

Output Buffers 

The Address outputs (Y0-Y3) are three-state drivers which 
may be disabled either under Instruction control or by a HIGH 
on the Output Enable input (OE). Disabling the Y outputs does 
not affect the execution of instructions irislde the Am2930. 

Instruction Enable 

When HIGH, the Instruction Enable input (lEN) forces PC and 
SP into the hold mode and disables the write circuitry to the 
RAM. The auxiliary register (R) is under control of the RE in¬ 
put when lEN is HIGH , independent of the state of the Instruc¬ 
tion Inputs. The lEN input does not affect the combinatorial 
data paths or Y outputs in the Am2930. The data paths are 
sel ected by the Instruction and CC inputs and are not affected 
by illM. 
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Am2930 INSTRUCTION SET 

The Am2930 Instruction set can be divided into five types of 
instructions. These are: 

• Unconditional Fetches 

• Conditional Jumps 

• Conditional Jumps-to-Subroutine 

• Conditional Returns-from-Subroutine 

• Miscellaneous Instructions 

The following paragraphs describe each of these types in detail. 
Unconditional Fetches 

As can be seen from Table 1, there are nine unconditional 
Fetch Instructions (Instructions 1-9). Under control of the 
Instruction inputs, the desired value is placed at the Y out-^ 
puts. For all Fetch instructions, PC is incremented If Cj of the 
least significant device is HIGH. For Instructions 1 through 7, 
the auxiliary register is under control of the RE input. For 
Instructions 8 and 9, R is loaded with PC and R + D, respec¬ 
tively. The RAM and Stack Pointer are not changed during a 
Fetch Instruction. 

Conditional Jumps 

There are six conditional Jump instructions (Instructions 16 
through 21). Under control of the Instruction inputs, the de¬ 
sired value is placed at the Y outputs. Additionally, the 
value is Incremented if Cj of the least significant device is 
HIGH and loaded into PC. During these instructions, R Is 
controlled by RE. The RAM and Stack Pointer are not 
changed during these instructions. The above operations are 
performed if the CC input is LOW; if CC is HIGH, a Fetch PC 
operation is performed. 

Conditional Jumps-to-Subroutine 

There are six conditional Jump-to-Subroutine instructions 
(Instructions 22 through 27). Under control of the Instruction 
Inputs, the desired value is placed on the Y outputs. On 
the rising edge of the clock the value is incremented* 
and loaded into PC, PC is loaded into the RAM at location 
SP -I- 1; and SP is incremented. 

As with Conditional Jump Instructions, R is controlled by RE 
and whether the Jump-to-Subroutine or Fetch PC Is performed 
depends upon the state of the CC input. 

Conditional Returns-from-Subroutine 

There are two conditional Return-from-Subroutine instructions 
(Instructions 28 and 29). Under control of the instruction In¬ 
puts, either S or S+D is placed at the Y outputs. Additionally, 
the selected value is incremented* and loaded into PC and 
SP is decremented at the end of the cycle (on the rising 
edge of the clock). 

• If Cj of the least significant device is HIGH. 


As with the Condition Jump and Jump-to-SubroutIne Instruc¬ 
tions, R is controlled by RE and whether the Return-from- 
Subroutine or Fetch PC is performed depends upon the state 
of the CC input. 


Miscellaneous Instructions 

Each of the nine miscellaneous Instructions is described 
individually. 

Reset (Instruction 0) 

The Reset instruction forces the Y outputs to zero, loads either 
zero or one into PC, depending upon the Cj input of the least 
significant device, and resets SP. The RAM is unchanged and 
R is controlled by RE. 

Load R (Instruction 10) 

This instruction loads the data on the D inputs into R. PC is 
either Incremented or held depending upon Cj of the least sig¬ 
nificant device. The SP and RAM are not changed. 

Push PC (Instruction 11) 

This instruction is the same as Fetch PC except that PC is 
loaded into RAM and SP is incremented at the end of the 
cycle; i.e., the current PC is Pushed onto the stack. 

Push D (Instruction 12) 

This instruction is the same as Fetch PC except that D is loaded 
into the RAM and SP is incremented at the end of the cycle; 
i.e., external data is Pushed onto the stack. 

Pop S (Instruction 13) 

This instruction places the Top of the Stack (S) at the Y out¬ 
puts and decrements SP at the end of the cycle. The PC is 
incremented if the Cj input of the least significant device is 
HIGH. R is controlled by RE. 

Pop PC (Instruction 14) 

This instruction is the same as Fetch PC except SP is decre¬ 
mented at the end of the cycle, causing the data at the top of 
the stack to be lost. 

Hold (Instruction 15) 

This instruction places PC at the Y outputs and inhibits any 
change in PC, SP, and RAM. R is controlled by RE. 

Conditional Hold (Instruction 30) 

This instruction is the same as Hold except CC must be LOW. 
If CC is HIGH, the Fetch PC instruction is performed. 

Suspend (Instruction 31) 

The Suspend instruction is the same as th Conditional Hold 
instruction except_die Y outputs are forced into the high- 
impedance state if CC is LOW. 
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TABLE I - Am2930 INSTRUCTION SET 


Mnemonic 

1 nstruction 

Number 

I 4 I 3 I 2 ll 

lo CC 

lEN 

Instruction 

Y 0 -Y 3 

Next State (after CP _f”){Note3) 

PC 

R 

RAM 

SP 

We = L 

RE = H 



X 

X 

X 

X 

X 

X 

H 

Instruction 

Note 1 

_ 

D 

_ 

_ 











Disable 







PRST 

0 

L 

L 

L 

L 

L 

X 

L 

RESET 

" 0 " 

"0''+Cj 

D 

- 

- 

Reset 

FPC 

1 

L 

L 

L 

L 

H 

X 

L 

FETCH PC 

PC 

PC+Cj 

D 

- 

- 

- 

FR 

2 

L 

L 

L 

H 

L 

X 

L 

FETCH R 

R 

PC+Cj 

D 

- 

- 

- 

FD 

3 

L 

L 

L 

H 

H 

X 

L 

FETCH D 

D 

PC+Cj 

D 

- 

-• 

_ 

FRD 

4 

L 

L 

H 

L 

L 

X 

L 

FETCH R+D 

R+D+Cn 

PC+Cj 

D 

- 

- 

- 

FPD 

5 

L 

L 

H 

L 

H 

X 

L 

FETCH PC+D 

PC+D+Cn 

PC+Cj 

D 

- 

- 

_ 

FPR 

6 

L 

L 

H 

H 

L 

X 

L 

FETCH PC+R 

PC+R+Cp 

PC+Cj 

D 

- 

- 

- 

FSD 

7 

L 

L 

H 

H 

H 

X 

L 

FETCH S+D 

S+D+Cp 

PC+Cj 

D 

- 

- 

_ 

FPLR 

8 

L 

H 

L 

L 

L 

X 

L 

FETCH PC-^R 

PC 

PC+Cj 

PC 

PC 

- 

- ■ 

FRDR 

9 

L 

H 

L 

L 

H 

X 

L 

FETCH R+D^R 

R+D+Cp 

PC+Cj 

R+D+Cp 

R+D+Cp 

- 

- 

PLDR 

10 

L 

H 

L 

H 

L 

X 

L 

LOAD R 

PC 

PC+Cj 

D 

D 

_ 

- 

PSHP 

11 

L 

H 

L 

H 

H 

X 

L 

PUSH PC 

PC 

PC+Cj 

D 

- 

PC-^ Loc SP+1 

SP+1 

PSHD 

12 

L 

H 

H 

L 

L 

X 

L 

PUSH D 

PC 

PC+Cj 

D 

- 

D ->-LocSP+1 

SP+1 

POPS 

13 

L 

H 

H 

L 

H 

X 

L 

POP S 

S 

PC+Cj 

D 

- 

- 

SP-1 

POPP 

14 

L 

H 

H 

H 

L 

X 

L 

POP PC 

PC 

PC+Cj 

D 

- 

- 

SP-1 

PHLD 

15 

L 

H 

H 

H 

H 

X 

L 

HOLD 

PC 

- 

D 

- 

- 



16-31 

H 

X 

X 

X 

X 

H 

L 

FAILCOND'L 

PC 

PC+Cj 

D 

- 

_ 

_ 










TEST (FETCH PC) 







JMPR 

16 

H 

L 

L 

L 

L 

L 

L 

JUMPR 

R 

R+Cj 

D 

_ 

_ 

- 

JMPD 

17 

H 

L 

L 

L 

H 

L 

L 

JUMP D 

D 

D+Cj 

D 

- 

- 

- 

JMPZ 

18 

H 

L 

L 

H 

L 

L 

L 

JUMP ”0" 

"O'* 

"0"+Cj 

D 

_ 

- 


JPRD 

19 

H 

L 

L 

H 

H 

L 

L 

JUMP R+D 

R+D+Cp 

R+D+Cp+Cj 

D 

- 

_ 

- 

JPPD 

20 

H 

L 

H 

L 

L 

L 

L 

JUMP PC+D 

PC+D+Cp 

PC+D+Cp+Cj 

D 

- 

- 


JPPR 

21 

H 

L 

H 

L 

H 

L 

L 

JUMP PC+R 

PC+R+Gp 

PC+R+Cp+Cj 

D 

- 

- 

- 

JSBR 

22 

H 

L 

H 

H 

L 

L 

L 

JSB R 

R 

R+Cj 

D 

- 

PC-> Loc SP+1 

SP+1 

JSBD 

23 

H 

L 

H 

H 

H 

L 

L 

JSB D 

D 

D+Cj 

D 

- 

PC^ Loc SP+1 

SP+1 

JSBZ 

24 

H 

H 

L 

L 

L 

L 

L 

JSB “O" 

” 0 " 

"0''+Ci 

D 

- 

PC-> Loc SP+1 

SP+1 

JSRD 

25 

H 

H 

L 

L 

H 

L 

L 

JSB R+D 

R+D+Cp 

R+D+Cp+Cj 

D 

- 

PC-^ Loc SP+1 

SP+1 

JSPD 

26 

H 

H 

L 

H 

L 

L 

L 

JSB PC+D 

PC+D+Cp 

PC+D+Cb+Cj 

D 

- 

PC -> Loc SP+1 

SP+J 

JSPR 

27 

H 

H 

L 

H 

H 

L 

L 

JSB PC+R 

PC+R+Cp 

PC+R+Cp+Cj 

D 

- 

PC Loc SP+1 

SP+1 

RTS. 

28 

H 

H 

H 

L 

L 

L 

L 

RETURN S 

S 

S+Cj 

D 

- 

- 

SP-1 

RTSD 

29 

H 

H 

H 

L 

H 

L 

L 

RETURN S+D 

S+D+Cp 

S+D+Cp+Cj 

D 

_ 

- 

SP-1 

CHLD 

30 


H 

H 

H 

L 

L 

L 

HOLD 

PC 

- 

D 

- 

- 

_ 

PS US 

31 

H 

H 

H 

H 

H 

L 

L 

SUSPEND 

Z (Note 2) 

- 

D 

- 

- 



PC - Program Counter SP - Stack Pointer S - Stack Top 

R - Auxiliary Register D - Direct Inputs 


Notes: 1. When lEN is HIGH, the Yq-Y 3 outputs contain the same data as when lEN is LOW, as determined by Iq- U and CC. 

2. Z = High impedance state (outputs “OFF”). 

3. - = No change. 
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TEST OUTPUT LOAD CONFIGURATIONS FOR Am2930 


A. THREE STATE OUTPUTS 


B. NORMAL OUTPUTS 


Vcc 




5.0 - Vbe - VoL 
•OL + Vol/1K 


Rl = 


5.0 - Vbe ~ VoL 
•oL + V0L/R2 


Notes: 1. Ci_ = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 

2. Si, S 2 , S 3 are closed during function tests and all AC tests except output enable tests. 

3. and S 3 are closed while S 2 is open for tpzn test. 

Si and S 2 are closed while S 3 is open for tpzL test. 

4. C|_ = 5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am2930 









Am2930 


APPLICATIONS 

The Am2930 is shown in a typical 16-bit, 2900 Microcomputer 
design in Figure 1. 

The Direct inputs (D) of the Am2930 are derived from one of 
three sources: the Instruction Register, the Data Bus via a 16- 
bit register (two Am2920 8-bit Registers), and the output of 
the Am2901's via a 16-bit register. 

The Address outputs (Y) of the Am2930 are loaded Into a 16- 
bit Memory Address Register (MAR). Although the MAR is 
shown as part of the CPU, in some applications it may be part 
of the memory. 

An Am2902 High-Speed Lookahead Carry Generator is uti¬ 
lized to provide high-speed relative and indexed addressing. In 
slower systems, the Cn+4 output can be wired to the next 
higher Cn input to provide ripple block arithmetic. 


The Condition Code input (CC) is derived from the same con¬ 
dition code multiplexer which generates the condition code in¬ 
put for the microprogram sequencer. 

The control inputs of the Am2930 (l0-4, lEN, RE, OE, and Cj 
and Cn of the least significant device) are shown originating at 
the Pipeline Register. Although it is not shown in Figure 1, it 
is possible to share the Pipeline Register outputs which go to 
these pins with another device. This can be accomplished if 
both the Am2930 and the other device do not operate on the 
same microcycle. Forcing the lEN input HIGH Inhibits any 
changes in the Am2930 internal registers, independent of the 
state of these seven Inputs. This allows the Am2930 to be 
placed in a hold mode while the other device is using the same 
Pipeline Register outputs as control signals. 


PIN DEFINITIONS 

l04 The five Instruction control lines to the Am2930, 
used to establish data paths and enable internal 
registers. 

lEN The Instruction Enable Input, used to enable and 
disable internal registers. When lEN is LOW, all in¬ 
ternal registers are under control of the Instruction 
inputs. When lEN is HIGH, all internal registers ex¬ 
cept R are inhibited from changing state. R is con¬ 
trolled by the RE input. The lEN input does not 
affect the combinatorial data paths and the outputs 
established by the Instruction inputs. 

CC The Condition Code input determirfes whether or 

not a conditi onal instruction (Instructions 16-31) is 
performed. If CC is LOW, the conditional instruction 
is executed. If CC is HIGH, Fetch PC (Instruction 1) 
is executed. The CC input may be either HIGH or 
LOW for unconditional instructions (Instructions 
0-15). 

RE The Register Enable input for the Auxiliary Register 
(R). A LOW on RE causes the Auxiliary Register 
(R) to be loaded from the D inputs unless Instruc¬ 
tion 8 or 9 is being executed and lEN is LOW. 


Cn The carry-in to the Full Adder. 

Cn+4 f^he carry-out of the Full Adder. 

P, G The carry generate and propagate outputs of the Full 
Adder. 

Cj The carry-in to the program counter incrementer. 

Ci +4 The carry-out of the program counter incrementer. 

Yo- 3 The four address outputs of the Am2930. These are 
three-state output lines. When enabled, they display 
the outputs of the Full Adder. 

OE Output Enable. When OE is HIGH, the Y outputs 
are OFF (high-impedance); when OE is LOW, the Y 
outputs are active (HIGH or LOW). 

DO-3 The four Direct inputs which are used as inputs to 
the Auxiliary Register, the RAM, and the Full 
Adder, under instruction control. 

Empty The Empty output is LOW when the Stack is empty. 

Full The Full output Is LOW when the LIFO stack is full 
— during and after the 17th push operation. 

CP The clock input to the Am2930. All internal reg¬ 

isters (R, SP, PC) and the RAM are updated on the 
LOW-to-HIGH transition of the clock input. 


LOGIC SYMBOL 
(DIP) 


27 26 25 24 20 19 18 17 



Vcc ~ Pin 28 
GND = Pin 14 


METALLIZATION AND PAD LAYOUT 


?ULL 

EMPTY 


DIE SIZE: 
0.133” X 0.200 



Pad numbers correspond to DIP pinout. 
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Figure 1. Typical 16-Bit Microcomputer 






















Am2930 


INPUT/OUTPUT CIRCUIT CURRENT INTERFACE 


DRIVEN INPUTS 




Note; Cj input is connected to both configurations in parallel. 

DRIVING OUTPUTS 




Note; Actual current flow direction shown. 


MPR-223 


MPR-224 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

Package Type Operating Range Screening Level 

Order Number (Notel) (Note 2) (Noted) 


AM2930DC 

D-28 

C 

C-1 

AM2930DC-B 

D-28 

C 

B-2 (Note 4) 

AM2930DM 

D-28 

M 

C-3 

AM2930DM-B 

D-28 

M 

B-3 

AM2930FM 

F-28-2 

M 

C-3 

AM2930FM-B 

F-28-2 

M 

B-3 

AM2930CLC 

L-28-1 

C 

C-1 

AM2930CLM 

L-28-1 

M 

C-3 

AM2930CLM-B 

L-28-1 

M 

B-3 

AM2930XC 

Dice 

c I 

Visual inspection 

AM2930XM 

Dice 

M J 

to MIL-STD-883 
Method 201 OB. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat-Pak. Number following letter is number of leads. See 
Appendix B for detailed outline. Where Appendix B contains several dash numbers, any of the 
variations of the package may be used unless otherwise specified. 

2. C = 0 to +70°C, Vcc = 4.75 to 5.25V, M = -55 to + 125‘’C, Vcc = 4.50 to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level 
B-3 conforms to MIL-STD-883, Class B. 


4. 96 hour burn-in. 
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Am2932 

Program Control Unlt/Push-Pop Stack 


DISTINCTIVE CHARACTERISTICS 

• Powerful, 4-bit slice address controller for memories 
Useful with both main memory and microprogram memory 
Expandable to generate any address length 

• Executes 16 instructions 

Automatic generation of address and update of program 
counter for fetch cycles, branch cycles, and subroutine call 
and return 

• Contains cascadable full adder 

Eight relative address instructions are provided, including 
jump relative and jump-to-subroutine relative 

• Seventeen-level push/pop stack 

On-chip storage of subroutine return addresses nested up to 
17 levels deep 

• Separate incrementer for program counter 

A relative address may be computed and PC may be incre¬ 
mented by one on a single cycle 


GENERAL DESCRIPTION 

The Am2932 is a four-bit wide Program Control Unit in¬ 
tended to perform machine level addressing functions, although 
the device can also be used as a microprogram sequencer. Four 
Am2932s may be interconnected to generate a 16-bit address 
(64K words). The Am2932 contains a program counter, a sub¬ 
routine stack, an auxiliary register, and a full adder for com¬ 
puting relative addresses. 

The Am2932 performs five types of instructions. These are: 
1) Fetch; 2) Jump; 3) Jump-to-Subroutine; 4) Return-from- 
Subroutine; and 5) miscellaneous instructions. 

There are four sources of data for the adder which generates 
the Address outputs (Y 0 -Y 3 ). These are: 1) the Program 
Counter(PC); 2) the Stack (S); 3) the auxiliary Register(R); 
and 4) the Direct inputs (D). Under control of the Instruction 
inputs (I 0 -I 3 ), the multiplexers at the adder inputs allow var¬ 
ious combinations of these terms to be generated at the three- 
state Y address outputs. The instruction lines also control the 
updating of the program counter and the auxiliary register. 


RELATED PRODUCTS 

Part No. Description 


BLOCK DIAGRAM 


Am2902A 

Am2904 

Am2920 

Am2922 


Carry Look-Ahead Generator 
Status and Shift Control Unit 
8 -Bit Register 
Condition Code MUX 


For applications information, see Chapter V of Bit Slice Micro¬ 
processor Design, Mick & Brick, McGraw Hill Publications. 



♦INTERNAL 
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Am2932 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65 to +150°C 

Temperature (Ambient) Under Bias 

-55to+125°C 

Supply Voltage to Ground Potential 

-0.5 to +7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5V to Vcc rnsx- 

DC input Voltage 

-0.5 to -F5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

-30 to -l-5.0mA 


OPERATING RANGE 

Part Number Temperature V^c 


Am2932DC 

Ta = 0 to 70°C 

4.75V to 5.25V 

Am2932DM 

Tc = -55 to -t-125X 

4.50V to 5.50V 


DC CHARACTERISTICS OVER OPERATING RANGE 


Typ 

Parameters Description Test Conditions (Note i) Min (Note 2) Max Units 


VOH 

Output HIGH Voltage 

Vcc = 

V|N = V|i_ or V|H 

Yq, Yi,Y 2.Y3 
Cn+4 

Q+4 

Iqh — — 1.6 mA 

2.4 


— 

■ 

Volts 

FULL 

Iqh = -1.2mA 

2.4 



VoL 

Output LOW Voltage 

Vcc = I^IN. 

V|N = V,L or V|H 

Vo, Yi, Y2 , Y3 

Iql — 20mA 
(COM'L) 



0.5 

Volts 

Iql = 16mA (MIL) 



0.5 

Cn-f-4* 

Cj-i-4 

Iql = 16mA 



0.5 

rax 

Iql = 12 mA 



0.5 

V|H 

Input HIGH Level (Note 4) 


2.0 



Volts 

V|L 

Input LOW Level (Note 4) 




0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = I|N = -18mA 

-—l:- 




-1.5 

Volts 

i|L 

Input LOW Current 

Vcc = V,N = 0.5V 

Do-3 



-.360 

mA 

•o-3' CP 



-.702 

c, 



-2.0 

Cn 



-3.69 

i|H 

Input HIGH Current 

Vcc = MAX., V,N = 2.7V 

Do-3 



20 


l0-3. CP 



40 

Ci 



90 

Cn 



250 

_1 

l| 

Input HIGH Current 

Vcc = max., V,n = 5.5V 

, 1 


1.0 

mA 

•sc 

Output Short Circuit 

Current (Note 3) 

Vcc = max. 

-30 


-85 

mA 

•OZL 1 

Output OFF Current 

Yqc = max., 

OE = 2.4V 

Yo-3 

VquT = 0.5V 



-50 

(jlA 

•OZH 

VquT = 2.4V 



50 

•cc 

Power Supply Current 
(Note 5) 

Vcc = max. 

Ta = 25°C 


128 

176 

mA 

Tc = -55 to +125°C 

... 1 


210 

Tc=+125°C 

. 


145 

Ta = 0 to 70°C 



190 

Ta = 70°C 

_ 1 


160 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide no guaranteed noise immunity and should only be tested in a static-, noise-free environment. 

5. Minimum Icc 'S at maximum temperature. 
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Am2932 


Am2932 SWITCHING CHARACTERISTICS 

Tables A, B, C and D define the timing characteristics of the Am2932. Measurements are made at 1.5V with V|i_ = OV and 
ViH = 3.0V. For three-state disable tests, Ci_ = 5.0pF and measurement is to 0.5V change on output voltage level. 


I. GUARANTEED PERFORMANCE OVER COMMERCIAL OPERATING RANGE. 

Vcc = 4.75 to 5.25V, Ta = 0 to +70°C 


TABLE lA 

Clock Characteristics. 


Minimum Clock LOW Time 

31ns 

Minimum Clock HIGH Time 

33ns 


TABLE iB 

Output Enabie/Disable Times. 

All in ns. 

Cl = 5.0pF for output disable tests. 


From 

To 

Enable 

Disable 

*3-0 

Y 

80 

55 


TABLE iC 

Combinational Propagation Delays. 

All in ns. 

Outputs fully loaded. Cl = 50pF. 


TABLE ID 

Set-up and Hold Times. All in ns. 

All relative to clock 
LOW-to-HIGH transition. 


To 

\Qutput 

From 

Input 

Y 

^n+4 

Ci+4 
(Note 1) 

Ci4-4 

(Note 2) 

Fuir 

I 3-0 

81 

77 

91 

80 

69 

Cn 

32 

25 

45 i 

- 

- 

Ci 


- 

22 ^ 

22 

- 

CP 

69 

61 

78 

43 

55 

D 

39 

- 

50 ' 

- 

- 


Input 

CP^_^ 


Set-up 

Time 

Hold 

Time 

Cn 

43 

0 

Ci 

32 

5 

D 

52 

2 

• 3-0 

114 

0 


Notes: 1. Instructions 5, 7, 11, 12, 13, 14. 

2. All instructions except 5, 7, 11, 12, 13, 14. 


II. GUARANTEED PERFORMANCE OVER MILITARY OPERATING RANGE. 

Vcc = 4.5 to 5.5V, Tc = -55 to -h 125°C 


TABLE ilA 

Clock Characteristics. 


Minimum Clock LOW Time 

35ns 

Minimum Clock HIGH Time | 

35ns 


TABLE liB 

Output Enable/Disable Times. 

All in ns. 

Cl = 5.0pF for output disable tests. 


From 

To 

Enable 

Disable 

I 3-0 

Y 

85 

60 


TABLE lie 

Combinational Propagation Delays. 

All in ns. 

Outputs fully loaded. Cl = 50pF. 


TABLE IID 

Set-up and Hold Times. Ail in ns. 

All relative to clock 
LOW-to-HIGH transition. 


Input 

CP: , 

r— 

Set-up 

Time 

Hold 

Time 

Cn 

52 

0 

Ci 

37 

5 

D 

60 

2 

• 3-0 

124 

0 


To 

^XOutput 

From^\ 

Input 

Y 

Cn+4 

Ci+4 
(Note 1) 

Ci+4 

(Note 2) 

Fuff 

• 3-0 

88 

82 

97 

87 

78 

. Cn 

37 

30 

46 

- 

- 

Ci 

__ 

- ' 

23 

23 

- 

CP 

74 

66 

84 

45 

60 

D 

44 

- 

55 

- 

- 


Notes; 1. Instructions 5, 7, 11, 12, 13, 14. 

2. All instructions except 5, 7,11, 12, 13, 14. 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful; 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
cause erroneous function failures due to Vcc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground 


cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
Inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach Vil 
or V|H until the noise has settled. AMD recommends using 
V|L ^ 0.4V and V|h ^ 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation 
on our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Am2932 


ARCHITECTURE OF THE Am2932 

The Am2932 is a bipolar Program Control Unit intended 
for use in high-speed microprocessor applications. The device 
is a cascadable, four-bit slice such that three devices allow ad¬ 
dressing of up to 4K words of memory and four devices allow 
addressing of up to 64K words of memory. 

As shown in the Block Diagram, the device consists of the 
following: 

1) A full adder with input multiplexers 

2) A Program Counter Register with an incrementer and an 
input multiplexer 

3) A 17 X 4 Last-In, First-Out (LIFO) stack consisting of an 
input multiplexer, a 17 x 4 RAM, and a Stack Pointer 

4) An auxiliary register with an input multiplexer 

5) An instruction decoder 

6) Four 3-state output buffers on the address outputs 

The following paragraphs describe each of these blocks in detail. 

Full Adder 

The Full Adder is a binary device with full lookahead carry 
logic for high-speed addition. The carry output (Cn+ 4 ) can be 
connected to the next higher Cn to provide ripple block 
arithmetic. The carry input to the adder (Cp) is internally 
inhibited during those instructions which do not require an 
addition to be performed. For these instructions, the data is 
passed directly through the adder, independent of the state 
of Cp. 

The multiplexers at the A and B inputs of the adder are con¬ 
trolled by the Instruction decoder which selects the appropriate 
adder inputs for the selected instruction. 

Program Counter 

The program counter consists of a register preceded by an 
incrementer. The Program Counter Register (PC) is a four-bit, 
edge-triggered, D-type register which is loaded from the Incre¬ 
menter output on the LOW-to-HIGH transition of the clock 
input (CP) at the end of every instruction. 

The incrementer utilizes full lookahead logic for high speed. 
For cascading devices, the carry output of the incrementer 
(Cj 4 . 4 ) is connected to the incrementer carry input (Cj) of the 
next higher device. The output of the Incrementer, which is 
loaded into the PC, is equal to the incrementer input plus Cj. 
Therefore, it is possible to control the entire cascaded incre¬ 
menter from the Cj input of the least significant device; a LOW 
on the Cj input of the least significant device will simply pass 
the data from the multiplexer output to the inputs of PC; a 
HIGH will cause the outputs of the multiplexer to be incre¬ 
mented before they are loaded into PC. During the suspend 


instruction the Cj input is internally inhibited; therefore, data 
Is passed from the multiplexer output to the PC without incre¬ 
menting. The multiplexer selects the input to the incrementer 
from either PC or the output of the Full Adder, depending 
upon the instruction being executed; During the Jump, Jump- 
to-Subroutine, and Return Instructions, the multiplexer 
chooses the Full Adder outputs as the Input to the Incrementer. 
The Full Adder output is also selected for the Reset instruction. 
For all other instructions, the PC is selected as the input to the 
incrementer. 

17x4 LIFO Stack 

The 17x4 LIFO stack consists of a multiplexer, a 17x4 RAM, 
and a Stack Pointer (SP) which address the words in the RAM. 

The SP always points to the last word written into the RAM 
(Top of the Stack). The Top of the Stack (S) is available at the 
output of the RAM. 

Data is pushed onto the Top of the Stack from either D or PC. 
It Is written into memory location SP+1. TheSPis incremented 
on the LOW-to-HIGH clock transition at the end of the cycle 
so that it still points to the last data written into the RAM. 

For a Pop operation, the contents of the RAM are not changed, 
but the SP is decremented at the end of the cycle so that It 
then points to the new Top of the Stack. 

The SP is an up/down counter which changes state on the 
LOW-to-HIGH transition of the Clock input. It is internally 
prevented from incrementing when the stack Is full and from 
decrementing when the Stack is empty. When the Stack is full, 
the RAM write circuitry is also inhibited. 

The active LOW Full output (FULL) is LOW either when the 
stack is full or when the current instruction being executed 
will fill the stack (during and after the 17th Push). 

Auxiliary Register (R) 

The Auxiliary Register (R) can be loaded from either the Direct 
inputs (D) or the output of the Full Adder. It is loaded on the 
LOW-to-HIGH transition of the clock input (CP) if the Instruc¬ 
tion inputs call for it to be loaded. 

Instruction Decoder 

The Instruction Decoder generates the signals necessary to 
establish the data paths and to enable the loading of the PC, 
R, SP, andRAM. 

Output Buffers 

The Address outputs (Yo*Y 3 ) are three-state drivers which 
may be disabled under Instruction control. 


BLI-094 


LOGIC SYMBOL 
(DIP) 


1 19 18 17 16 15 14 13 



METALLIZATION AND PAD LAYOUT 


12 


'0 


DIE SIZE: 

0.134" X 0.200" 



Pad numbers correspond to DIP pinout. 
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TABLE I - Am2932 INSTRUCTION SET 


Instruction 

Number 

>3 

'2 

h 

»0 

Mnemonic 

Instruction 

Y 0 -Y 3 

Next State (after CP j) - Note 2 

PC 

R 

RAM 

SP 

0 

L 

L 

L 

L 

PRST 

RESET ' 

"0” 

‘'0"+Cj 

_ 


Reset 

1 

L 

L 

L 

H 

PSUS 

SUSPEND 

Z (Note 1) 

- 

_ 

- 

- 

2 

L 

L 

H 

L 

PSHD 

PUSH D 

PC 

PC+Cj 

. - 

D->Loc SP+1 

SP+1 

3 

L 

L 

H 

H 

POPS 

POPS 

S 

PC+Cj 

- 

- 

SP-1 

4 

L 

H 

L 

L 

FPC 

FETCH PC 

PC 

PC+Cj 

- 

- 

- 

5 

L 

H 

L 

H 

JMPD 

JUMP D 

D 

D+Cj 

- 

- 

- 

6 

L 

H 

H 

L 

PSHP 

PUSH PC 

PC 

PC+Cj 

- 

PC-^Loc SP+1 

SP+1 

7 

L 

H 

H 

H 

RTS 

RETURN S 

S 

S+C| 

- 

- 

SP-1 

8 

H 

L 

L 

L 

FR 

FETCH R 

R 

PC+Cj 

- 

- 

- 

9 

H 

L 

L 

H 

FPR 

FETCH PC+R 

PC+R+Cn 

PC+Cj 

- 

- 

- 

10 

H 

L 

H 

L 

FPLR 

FETCH PC->R 

PC 

PC+Cj 

PC 

- - 

- 

11 

H 

L 

H 

H 

JMPR 

JUMP R 

R 

R+Cj 

- 

_ ’ 

- 

12 

H 

H 

L 

L 

JPPR 

JUMP PC+R 

PC+R+Cn 

PC+R+Cn+Cj 

_ 

- 

- 

13 

H 

H 

L 

H 

JSBR 

JSB R 

R 

R+Cj 

- 

PC->-Loc SP+1 

SP+1 

14 

H 

H 

H 

L 

JSPR 

JSB PC+R 

PC+R+Cn 

PC+R+Cn+Cj 

- 

PC-^Loc SP+1 

SP+1 

15 

H 

H 

H 

H 

PLDR 

LOAD R 

PC 

PC+Cj 

D 

- 

- 


Notes; 1 . Z = High impedance state (outputs "OFF"). 
2. - = No change. 


PC - Program Counter SP - Stack Pointer 

R - Auxiliary Register D - Direct Inputs 

S - Stack Top 


Am2932 INSTRUCTION SET 

The Am2932 Instruction set can be divided into five types of 
instructions. These are : 

• Fetches 

• Jumps 

• Jumps-to-Subroutine 

• Return-from-Subroutine 

• Miscellaneous Instructions 

The following paragraphs describe each of these types in detail. 
Fetches 

As can be seen from Table I, there are four Fetch instructions 
(Instructions 4, 8, 9, 10). Under control of the Instructions 
inputs, the desired value is placed at the Y outputs. For all 
Fetch instructions, PC is incremented if Cj of the least sig¬ 
nificant device is HIGH. For Instruction 10 R is loaded with 
PC. The RAM and Stack Pointer are not changed during a 
Fetch instruction. 

Jumps 

There are three Jump instructions (Instructions 5, 11, 12). 
Under control of the Instruction inputs, the desired value is 
placed at the Y outputs. Additionally, the value is in¬ 
cremented if Cj of the least significant device is HIGH and 
loaded into PC. The RAM, Stack Pointer and R are not 
changed during these instructions. 

Jump$-to-Subroutine 

There are two Jump-to-Subroutine instructions (Instructions 
13 and 14). Under control of the Instruction inputs, the desired 
value is placed on the Y outputs. On the rising edge of the 
clock the value is incremented* and loaded into PC, PC is 
loaded Into the RAM at location SP+1; and SP is 
incremented. 

During these instructions, R is not changed. 
Return-from-Subroutine (Instruction 7) 

Under control of the instruction inputs, S is placed at the Y 


*lf Cj of the least significant device is HIGH. 


outputs. Additionally, the value of S is incremented* and 
loaded into PC and SP is decremented at the end of the 
cycle (on the rising edge of the clock). 

During this instruction, R is not changed. 

Miscellaneous Instructions 

Each of the nine miscellaneous instructions is described 
individually. 

Reset (Instruction 0) 

The Reset instruction forces the Y outputs to zero, loads either 
zero or one into PC, depending upon the Cj input of the least 
significant device, and resets SP. The RAM and R are unchanged. 

Load R (Instruction 15) 

This instruction loads the data on the D inputs into R. PC is 
either Incremented or held depending upon Cj of the least sig¬ 
nificant device. The SP and RAM are not changed. 

Push PC (Instruction 6) 

This instruction is the same as Fetch PC except that PC Is 
loaded into RAM and SP is incremented at the end of the 
cycle; i.e., the current PC is Pushed onto the stack. 

Push D (Instruction 2) 

This instruction is the same as Fetch PC except that D is loaded 
into the RAM and SP is incremented at the end of the cycle; 
i.e., external data Is Pushed onto the stack. 

Pop S (Instruction 3) 

This Instruction places the Top of the Stack (S) at the Y out¬ 
puts and decrements SP at the end of the cycle. The PC is 
incremented if the Cj input of the least significant device is 
HIGH. R is not changed. 

Suspend (Instruction 1) 

The Suspend instruction inhibits any change in PC, SP, R and 
RAM and forces the Y outputs into the high impedance state. 
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Figure 1. Typical 16-Bit Microcomputer Design. 








Am2932 


applications 

The Am2932 is shown in a typical 16-bit, 2900 Microcomputer 
design in Figure 1. 

The Direct inputs (D) of the Am2932 are derived from one of 
three sources; the Instruction Register, the Data Bus via a 16- 
bit register (two Am2920 8 -bit Registers), and the output of 
the Am2901s via a 16-bit register. 

The Address outputs (Y) of the Am2932 are passed to the 
address bus. 

The Cn +4 output can be wired to the next higher Cp input to 
provide ripple block arithmetic. 

The control inputs of the Am2932 (lo-3/ Cj and Cn of the least 
significant device) are shown originating at the Pipeline Register. 


PIN DEFINITIONS 

*0-3 The four Instruction control lines to the Am2932, 
used to establish data paths and enable internal 
registers. 

Cn The carry-in to the Full Adder. 

Cn -»-4 The carry-out of the Full Adder. 

Cj The carry-in to the program counter incrementer. 

Ci +4 The carry-out of the program counter incrementer. 

Yq-S The four address outputs of the Am2932. These are 
three-state output lines. When enabled, they display 
the outputs of the Full Adder. 

Do- 3 The four Direct inputs which are used as inputs to the 
Auxiliary Register, the RAM, and the Full Adder, 
under instruction control. 

Full The Full output is LOW when the LIFO stack is full 
— during and after the 17th push operation. 

CP The clock input to the Am2932. All internal reg¬ 
isters (R, SP, PC) and the RAM are updated on the 
LOW-to-HIGH transition of the clock input. 


Dfl Di D2 D3 D4 Dg D0 D7 DgDgDioDn D12O13D14D15 



Y0Y1Y2Y3 Y4Y5Y6Y7 YgYgYioYii Yi 2 Yi 3 Yi 4 Yi 5 


iL 

*0 

INSTRUCTION 

Y OUTPUTS 

L 

L 

RESET 

"0" 

L 

H 

SUSPEND 

Z (HIGH IMPEDANCE) 

H 

L 

PUSH D 

SEE NOTE 1 

H 

H 

POPS 

TOP OF STACK 



BLI-099 


Equivalent Logic Symbol for 
Am2932 with I 2 , I 3 Grounded 


Figure shows the use of four Am2932s as a 17-word by 16-bit LIFO stack by grounding I 2 and I 3 . 
The effect of grounding I 3 is shown in Figure 3. 

Note 1. During this instruction, PC is placed on the Y outputs. If Cj is held LOW, the Y outputs will be LOW for this 
instruction after the device is initialized with a Reset instruction. 


Figure 2. Application of Four Am2932s as a 17-Word by 16-Bit LIFO Stack. 
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•o 

INSTRUCTION 

L 

L 

L 

RESET 

L 

L 

H 

SUSPEND 

L 

H 

L 

PUSH D 

L 

H 

H 

POPS 

H 

L 

L 

FETCH PC 

H 

L 

H 

JUMPD 

H 

H 

L 

PUSH PC 

H 

H 

H 

RETURN S 


RST* 

OEN* 

INC* 


INSTR. 

DECODER 


Figure 3. Equivalent Circuit of Am2932 with 1 3 Grounded. 
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ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 


Order Number 

Package Type 

(Note 1) 

Operating Range 

(Note 2) 

Screening Level 

(Note 3) 

AM2932DC 

D-20 

C 

C-1 

AM2932DC-B 

D-20 

C 

B-2 (Note 4) 

AM2932DM 

D-20. 

M 

C-3 

AM2932DM-B 

D-20 

M 

B-3 

AM2932LC 

L-28-2 

C 

C-1 

AM2932LM 

L-28-2 

M 

C-3 

AM2932LM-B 

L-28-2 

M 

B-3 

AM2932XC 

Dice 

C 

\ Visual inspection 

AM2932XM 

Dice 

M 

V to MIL-STD-883. 

) Method 201 OB. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat-Pak. Number following letter is number of leads. See Appendix B 
for detailed outline. Where Appendix B contains several dash numbers, any of the variations of the package may 
be used unless otherwise specified. 

2. C = 0 to +70°C, Vcc = 4.75 to 5.25V, M = -55 to +125°C, Vcc = 4.50 to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform tp MIL-STD-883, Class C. Level B-3 
conforms to MIL>STD-883, Class B. 

4. 96 hour burn-in.' 
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DMA Address Generator 


DISTINCTIVE CHARACTERISTICS 

• DMA Address Generation 

Generates memory address, word count and DONE signal for 
DMA transfer operation. 

• Expandable Eight-bit Slice 

Any number of Am2940’s can be cascaded to form larger 
memory addresses - three devices address 16 megawords. 

• Repeat Data Transfer Capability 

Initial memory address and word count are saved so that the 
data transfer can be repeated. 

• Programmable Control Modes 

Provides four types of DMA transfer control plus memory 
address increment/decrement. 

• High Speed, Bipolar LSI 

Advanced Low-Power Schottky TTL technology provides typi¬ 
cal CLOCK to DONE propagation delay of 50ns and 24mA 
output current sink capability. 

• Microprogrammable 
Executes 8 different instructions. 


GENERAL DESCRIPTION 

The Am2940, a 28-pln member of Advanced Micro Devices 
Am2900 family of Low-Power Schottky bipolar LSI chips, is a 
high-speed, cascadable, eight-bit wide Direct Memory Access 
Address Generator slice. Any number of Am2940’s can be cas¬ 
caded to form larger addresses. 

The primary function of the device is to generate sequential 
memory addresses for use in the sequential transfer of data to or 
from a memory. It also maintains a data word count and gener¬ 
ates a DONE signal when a programmable terminal count has 
been reached. The device is designed for use in peripheral con¬ 
trollers with DMA capability or in any other system which transfers 
data to or from sequential locations of a memory. 

The Am2940 can be programmed to increment or decrement the 
memory address In any of four control modes, and executes eight 
different instructions. The initial address and word count are 
saved internally by the Am2940 so that they can be restored later 
in order to repeat the data transfer operation. 


BLOCK DIAGRAM 



CLOCKED WITH RISING EDGE OF CLOCK 


For applications information see the last part of this data sheet and chapter VII of Bit Slice Microprocessor Design, by Mick and Brick, 
McGraw-Hill Publishers. 


Am2940 DMA Address Generator 


MPR-226 



5-285 

















Am2940 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, 
temperature range, and screening level. 


Order Number 

Package Type 

(Note 1) 

Operating Range 

(Note 2) 

Screening Level 

(Note 3) 

AM2940DC 

D-28 

C 

C-1 

AM2940DC.-B 

D-28 

C 

B-2 (Note 4) 

AM2940DM 

D-28 

M 

C-3 

AM2940DM-B 

D-28 

M 

B-3 

AM2940FM 

F-28-2 

M 

C-3 

AM2940FM-B 

F-28-2 

M 

B-3 

AM2940LC 

L-28 

C ' 

C-1 

AM2940LM 

L-28 

M 

C-3 

AM2940LM-B 

L-28 

M 

B-3 

AM2940XC 

Dice 

C 

] Visual inspection 

J to MIL-STD-883 

AM2940XM 

Dice 

M 

j Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B 


for detailed outline. Where Appendix B contains several dash numbers, any of the variations of the package 
may be used unless otherwise specified. 

2. C = 0 to +70°C, Vcc = 4.75 to 5.25V. M = -55 to +125°C, Vcc = 4.50 to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 
conforms to MIL-STD-883, Class B. 

4. 96 hour burn-in. 



Chip-Pak"“ 

L-28 

cf Q* ^ 0“* o’ ^ 



CONNECTION DIAGRAMS - Top Views 
F-28-2 


wci 

ACi 

Ao 

Do 


*2 

02 

Da 

_A3 

OEa 

CP 

GNO 



] Vcc 
] DONE 
] ACo 


D-28 



Note: Pin 1 is marked for orientation 


MPR-228 


Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150‘^C 

Temperature (Ambient) Under Bias 

-55°C to -h125°C 

Supply Voltage to Ground Potential 

-0.5V to -f7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5V to Vcc max. 

DC Input Voltage 

-0.5Vto+5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

-30mA to + 5.0mA 


OPERATING RANGE 


P/N 

Range 

Temperature 


Vcc 

Am2940DC 

COM’L 

TA = 0to+70°C 

Vcc = 5.0V ±5% 

(MIN. = 4.75V MAX. = 5.25V) 

Am2940DM, FM 

MIL 

Tc= -55to+125°C 

Vcc = 5.0V ±10% 

(MIN. = 4.50V MAX. = 5.50V) 


DC CHARACTERISTICS OVER OPERATING RANGE 


, ' yp- 

Parameters_Description Test Conditions (Note i) Min. (Note 2) Max. Units 


— 

Vqh 

Output HIGH Voltage 

Vcc = •^•N., 

V|N = V,H orV,L 

MIL Iqh = -1.0mA 

COM’L Iqh = -2.6mA 

2.4 



Volts 

VoL 

Output LOW Voltage 

Vcc = 

V|N = V|HOrV|L 
(Note 5) 

WCO, ACO 

MIL Iql = 8.0mA 
COM’L Iql = 12 mA 



0.5 

Volts 

Ao-7> 1^0-7 
DONE 

MIL Iql = 16mA 
COM’L Iql = 24mA 

VlH 

Input HIGH Level (Note 4) 

Guaranteed Input Logical HIGH voltage for all inputs 

2.0 



Volts 

VlL. 

Input LOW Level (Note 4) 

Guaranteed Input Logical LOW voltage for all inputs 



0.8 


V| 

Input Clamp Voltage 

Vcc = I|n = -18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = I^AX., V,N = 0.5V 

' 

Uo-7 



-0.15 

mA 

All Others 



-0.8 

l|H 

Input HIGH Current 

Vcc = I^AX.. V,N = 2.7V 

•Oo-7 



150 

fiA 

All Others 



40 

ICEX 

Output Leakage on DONE 

Vcc = I^AX., Vq = 5.5V 



250 

fxA 

l| 

Input HIGH Current 

Vcc = max., V,n = 5.5V 



1.0 

mA 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = MAX. + 0.5V, Vq = 0.5V 

-30 


-85 

mA 

•OZL 

•OZH 

Output OFF Current 

1 

VouT 7 0.5V 

Ao-7 



-50 

ixA 

Vcc = I^AX. 
OE = 2.4V 


Do-7 



-150 


VouT = 2.4V 

I 

o 

< 



50 


Do-7 



150 

•cc 

Power Supply Current 



Ta = 25°C 


170 

275 

mA 

Vcc = max. 

Am2940DC 

Ta = 0°C to +70°C 



290 

Ta = +70°C 



235 

Am2940DM, FM 

Tc = -55°C to +125°C 



315 

Tc = +125°C 



225 


Notes; 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide no guaranteed noise immunity and should only be static tested in a noise-free environment (not functionally tested). 

5. Iql •'tnit on A, and Dj (i = 0 to 7) applies to either output individually, but not both at the same time. The sum of the loading on Aj plus Dj 
is limited to 24mA MIL or 32mA COM’L. 




7 \ 
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Figure 2. Switching Waveforms. 


See Tables A for tg and th for various 
inputs. See Tables B for combinational 
delays from clock and other inputs to 
outputs. 
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SWITCHING CHARACTERISTICS 

The tables below define the Am2940 switching characteristics. Tables A are set-up and hold times relative to the clock 
LOW-to-HIGH transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made 
at 1.5V with input levels at OV or 3V. All values are in ns with Cl = 50pF except output disable times (OE to A and I to D) 
which are specified or a 5pF load. All times are in ns. 

I. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
Am2940DC (Ta = 0 to+70°C, Vcc = 4.75 to 5.25V, Cl = 50pF) 


A. Set-up and Hold Times 
(Relative to clock 
LOW-to-HIGH transition) 


Input 

ts 

th 

Do-?^ 

24 

4 

<012 

46 

5 

Aa 

30 

4 

wci 

(Note 1 ) 

30 

3 


C. Clock Requirements 


Minimum Clock LOW Time 

23 

ns 

Minimum Clock HIGH Time 

34 

ns 

Maximum Clock Frequency 

17 

MHz 


B. Combinational Delays 


input 

ACO 

wco 

6 

< 

DONE 

Dq-t 

Aa 

20 

- 

- 

- 

- 

wci 

(Note 2) 

- 

20 

- 

46 

- 

lo -2 

- 

- 

- 

- 

37 

CP 

(Note 3) 

58 

58 

54 

85 

- 


D. Enabie/Disable Times 


From 

To 

Disable 

Enable 


l012 

Do-7 

35 

35 

ns 


Ao-7 

25 

25 

ns 


11. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
Am2940DM, FM (Tq = -55 to +125°C, Vcc = 4.5 to 5.5V, Cl = 50pF) 


A. Set-up and Hold Times 
. (Relative to clock 
LOW-to-HIGH transition) 


Input 


th 

Do-7 

27 

6 

loi 2 

49 

5 

Aa 

34 

5 

wci 

(Note1) 

34 

5 


C. Clock Requirements 


Minimum Clock LOW Time 

23 

ns 

Minimum Clock HIGH Time 

35 

ns 

Maximum Clock Frequency 

16 

MHz 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful. 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vqc current as the device switches may 
cause erroneous function failures due to Vqc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground 
cable may allow the ground pin at the device to rise by 100’s 
of millivolts momentarily. 


B. Combinational Delays 


Input 

ACO 

WCO 

Ao-7 

DONE 

D 0.7 

act 

21 

- 

- 

- 

- 

wd 

(Note 2) 

- 

21 

- 

54 

- 

I 0 -I 2 

- 

- 

- 

- 

41 

CP 

(Note 3) 

64 

64 

62 

88 

- 


D. Enable/Disable Times 


From 

To 

Disable 

Enable 


'012 

Do-7 

42 

42 

ns 

OE 

Ao-7 

30 

30 

ns 


Notes: 1. Cont rol modes 0, 1, and 3 only. 

2. WCI to Done occurs only in control modes 0 and 1. 

3. CP to Done occurs only in control modes 0, 1, and 2. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
V|L ^ 0.4V and V|h ^ 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation 
on our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Am2940 ARCHITECTURE 

As shown in the Block Diagram, the Am2940 consists of the 
following: 

• A three-bit Control Register. 

• An eight-bit Address Counter with input multiplexer. 

• An eight-bit Address Register. 

• An eight-bit Word Counter with input multiplexer. 

• An eight-bit Word Count Register. 

• Transfer complete circuitry. 

• An eight-bit wide data multiplexer with three-state output buff¬ 
ers. 

• Three-state address output buffers with external output enable 
control. 

• An instruction decoder. 

Control Register 

Under instruction control, the Control Register can be loaded or 
read from the bidirectional DATA lines Dg-Dy. Control Register 
bits 0 and 1 determine the Am2940 Control Mode, and bit 2 
determines whether the Address Counter increments or decre¬ 
ments. Figure 1 defines the Control Register format. 

Address Counter 

The Address Counter, which provides the current memory ad¬ 
dress, is an eight-bit, binary, up/down counter with full look-ahead 
carry generatio n. Th e Address Carry input (ACI) and Address 
Carry Output (ACO) allow cascading to accommodate larger 
addresses. Under instruction control, the Address Counter can 
be enabled, disabled, and loaded from the DATA inputs, Dg-Dy, or 
the Address Register. When enabled and the ACI input is LOW, 
the Address Counter increments/decrements on the LOW to 
HIGH transition of the CLOCK Input, CP. The Address Counter 
output can be enabled onto the three-state ADD RES S outputs 
Ag-Ay under control of the Output Enable Input, OE/y. 

Address Register 

The eight-bit Address Register saves the initial address so that it 
can be restored later in order to repeat a transfer operation. When 
the LOAD ADDRESS instruction is executed, the Address Regis¬ 
ter and Address Counter are simultaneously loaded from the 
DATA inputs, Dg-Dy. 


Word Counter and Word Count Register 

The Word Counter and Word Count Register, which maintain and 
save a word count, are similar In structure and operation to the 
Address Counter and Address Register, with the exception that 
the Word Counter Increments In Control Modes 1 and 3, decre¬ 
ments In Control Mode 0, and is disabled In Control Mode 2. The 
LOAD WORD COUNT Instruction simultaneously loads the Word 
Counter and Word Count Register. 

Transfer Complete Circuitry 

The Transfer Complete Circuitry is a combinational logic network 
which detects the completion of the data transfer operation in 
three Control Modes and generates the DONE output signal. The 
DONE signal is a open-collector output, which can be dot-anded 
between chips. 

Data Multiplexer 

The Data Multiplexer is an eight-bit wide, 3-input multiplexer 
which allows the Address Counter, Word Counter, and Control 
Register to be read at the DATA lines, Dg-Dy. The Data Mul¬ 
tiplexer and three-state Data output buffers are instruction con¬ 
trolled. 

Address Output Buffers 

The three-state Address Output Buffers allow the Address 
Counter output to be enabled onto the ADDRESS lines, Ag-Ay, 
under external control. When the Output Enable input, OEa, is 
LOW, the Address output buffers are enabled; when OEa is 
HIGH, the ADDRESS lines are in the high-impedance state. The 
address and Data Output Buffers can sink 24mA output current 
over the commercial operating range. 

Instruction Decoder 

The Instruction Decoder generates required Internal control sig¬ 
nals as a function of the INSTRUCTION inputs, Ig-l 2 and Control 
Register bits 0 and 1. 

Clock 

The CLOCK input, CP is used to clock the Address Register, 
Address Counter, Word Count Register, Word Counter, and Con¬ 
trol Register, all on the LOW to HIGH transition of the CP signal. 


Control Register 


CRg 


CRi 


CRg 


CRt 

CRo 

Control Mode 
Number 

Control 

Mode Type 

Word 

Counter 

DONE Output Signal 

WCI = LOW 

WCI = HIGH 

L 

L 

0 

Word Count Equals Zero 

Decrement 

HIGH when 

Word Counter = 1 

HIGH when 

Word Counter = 0 

L 

H 

1 

Word Count Compare 

Increment 

HIGH when 

Word Counter + 1 
= Word Count Reg. 

HIGH when 

Word Counter 
= Word Count Reg. 

H 

L 

2 

Address Compare 

Hold 

HIGH when Word Counter = Address Counter 

H 

H 

3 

Word Counter Carry Out 

Increment 

Always LOW 


CRg 

Address Counter 

L 

Increment 

H 

Decrement 


Figure 1. Control Register Format Definition. 
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Am2940 CONTROL MODES 

Control Mode 0 - Word Count Equals Zero Mode 

In this mode, the LOAD WORD COUNT instruction loads the 
word count into the Word Count Register and Word Counter. 
When the Word Counter is enabled and the Word Counter 
Carry-in, WCI, is LOW, the Word Counter decrements on the 
LOW to HIGH transition of the clock Input, CP. Figure 1 specifies 
when the DONE signal is generated. 


Control Mode 1 ~ Word Count Compare Mode 

In this mode the LOAD WORD COUNT Instruction loads the word 
count into the Word Count Register and clears the Word Counter. 
When t he W ord Counter is enabled and the Word Counter 
Carry-in WCI, is LOW, the Word Counter increments on the LOW 
to HIGH transition of the clock input, CP. Figure 1 specifies when 
the DONE signal is generated. 


Control Mode 2 - Address Compare Mode 

In this mode, only an initial and final memory address need be 
specified. The initial Memory Address is loaded into the Address 
Register and Address Counter and the final memory address is 
loaded into the Word Count Register and Word Counter. The 
Word Counter is always disabled in this mode and serves as a 
holding register for the final memory address. When the Address 
Counter Is enabled and the ACI Input is LOW, the Address 
Counter increments or decrements (depending on Control Regis¬ 
ter bit 2 ) on the LOW to HIGH transition of the CLOCK Input, CP. 
The Transfer Complete Circuitry compares the Address Counter 
with the Word Counter and generates the DONE signal during the 
last word transfer, i.e. when the Address Counter equals the 
Word Counter. 


Control Mode 3 - Word Counter Carry Out ModO 

For this mode of operation, the user can load the Word Count 
Register and Word Counter with the two’s complement of the 
number of data wor ds to be transferred. When the Word Counter 
is enabled and the WCI input is LOW, the Word Counter incre¬ 
ments on the LOW to HIGH transi tion of the CLOCK Input, CP. A 
Word Counter Carry Out signal, WCO, indicates the last data 
word is being transferred. The DONE signal is not required in this 
mode and, therefore, is always LOW. 


Am2940 INSTRUCTIONS 

The Am2940 Instruction set consists of eight instructions. Six 
instructions load and read the Address Counter, Word Counter 
and Control Register, one instruction enables the Address and 
Word counters, and one instruction reinitializes the Address and 
Word Counters. The function of the REINITIALIZE COUNTERS, 
LOAD WORD COUNT, and ENABLE COUNTERS instructions 
varies with the Control Mode being utilized. Table 1 defines the 
Am2940 Instructions as a function of Instruction Inputs I 0 -I 2 and 
the four Am2940 Control Modes. 

The WRITE CONTROL REGISTER instruction writes DATA 
input D 0 -D 2 into the Control Register; DATA inputs D3-D7 are 
“don’t care” inputs for this Instruction. The READ CONTROL 
REGISTER instruction gates the Control Register outputs to 
DATA lines, D 0 -D 2 . DATA lines D3-D7 are in the HIGH state 
during this instruction. 

The Word Counter can be read using the READ WORD 
COUNTER instruction, which gates the Word Counter outputs to 
DATA lines D 0 -D 7 . The LOAD WORD COUNT instruction is 
Control Mode dependent. In Control Modes 0, 2, and 3, DATA 
Inputs D 0 -D 7 are written Into both the Word Count Register and 
Word Counter. In Control Mode 1, DATA inputs D 0 -D 7 are written 
into the Word Count Register and the Word Counter is cleared. 

The READ ADDRESS COUNTER instruction gates the Address 
Counter outputs to DATA lines D 0 -D 7 , and the LOAD ADDRESS 
instruction writes DATA inputs D 0 -D 7 into both the Address Reg¬ 
ister and Address Counter. 

In Control Modes 0 , 1 , and 3, the ENABLE COUNTERS instruc¬ 
tion enables both the Address and Word Counters; in Control 
Mode 2 , the Address Counter is enabled and the Word Counter 
holds its contents. When enabled and the carry Input is active, the 
counters increment on the LOW to HIGH transition of the CLOCK 
input, CP. Thus, with this instruction applied, counting can be 
controlled*by the carry inputs. 

The REINITIALIZE COUNTERS instruction also is Control Mode 
dependent. In Control Modes 0, 2 , and 3, the contents of the 
Address Register and Word Count Register are transferred to the 
respective Address Counter and Word Counter; in Control Mode 
1 , thd content of the Address Register is transferred to the Ad¬ 
dress Counter and the Word Counter is cleared. The 
REINITIALIZE COUNTERS Instruction allows a data transfer 
operation to be repeated without reloading the address and word 
count from the DATA lines. 


TABLE I. Am2940 INSTRUCTIONS 


‘2 

'1 


Octal 

Coda 

Function 

Mnemonic 

Control 

Mode 

Word 

Reg. 

Word 

Counter 

Address 

Reg. 

Address 

Counter 

Control 

Register 

Data 

L 

L 

L 

_J 

0 

WRITE 

CONTROL 

REGISTER 

WRCR 

0, 1,2,3 

HOLD 

HOLD 

HOLD 

HOLD 

Do*D2‘"*'CR 

INPUT 

L 

L 

H 


READ 

CONTROL 

REGISTER 

RDCR 

0, 1,2,3 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

CR "^Dq“D 2 
(Note 1) 

L 

H 

L 

2 

READ 

WORD 

COUNTER 

RDWC 

0, 1,2,3 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

WC->D 

L 

H 

H 

3 

READ 

ADDRESS 

COUNTER 

RDAC 

0, 1, 2. 3 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

AC->D 





REINITIALIZE 


0, 2,3 

HOLD 

WCR-^WC 

HOLD 

AR-^AC 

HOLD 

Z 





COUNTERS 


1 

HOLD 

ZERO->WC 

HOLD 

AR->-AC 

HOLD ■ 

Z 

H 

L 

H 

5 

LOAD 

ADDRESS 

LDAD 

0, 1, 2,3 

HOLD 

HOLD 

D-^AR 

D-+AC 

HOLD 

INPUT 





LOAD 

LDWC 

0, 2, 3 

D-+WR 

D-»WC 

HOLD 

HOLD 

HOLD 

INPUT 





COUNT 


1 

D->WR 

ZERO-^WC 

HOLD 

HOLD 

HOLD 

INPUT 





ENABLE 


0, 1, 3 

— 

HOLD 1 

ENABLE 

COUNT 

HOLD 

ENABLE 

COUNT 

HOLD 

Z 





COUNTERS 


2 

HOLD 

HOLD 

HOLD 

ENABLE 

COUNT 

HOLD 

z 


CR = Control Reg. WCR = Word Count Reg. L = LOW 

AR = Address Reg. WC = Word Counter H = HIGH Note 1 : 

AC = Address Counter D = Data 2 = High impedance Data Bits D3-D7 are high during this instruction. 









Am2940 


TEST OUTPUT LOAD CONFIGURATIONS FOR Am2940 


A. THREE STATE OUTPUTS 


B. NORMAL OUTPUTS C. OPEN-COLLECTOR OUTPUTS 


Vcc 




R2 = 


2.4V 

bH 


B1 


5.0 - Vbe - Vql 
Iql + V 0 L/B 2 


Rl = 


5.0 - VoL 


‘OL 


Notes: 1. C|_ = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 

2. Si, S 2 , S 3 are closed during function tests and all AC tests except output enable tests. 

3. Si and S 3 are closed while S 2 is open for tpzH test. 

Si and S 2 are closed while S 3 is open for tpzL test. 

4. C|_ = 5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am2940 (DIP) 



Pin Label 




- 

Ao-7 

A 

220 

IK 


Dq./ 

A 

220 

IK 

6 

AGO 

B 

470 


7 

DONE 

c 

270 

- 

10 

WCO 

B 

470 

_I 



For additional information on testing, see section 
“Guidelines on Testing Am2900 family Devices.” 







Am2940 


APPLICATIONS 

The Am2940 is designed for use in peripheral controllers with 
*DMA capability or In any other system which transfers data to or 
from sequential locations of a memory. One or more Am2940’s 
can be used in each peripheral controller of a distributed DMA 
system to provide the memory address and word count required 
for DMA operation. 

Figure 3 shows a block diagram of an example micropro¬ 
grammed DMA peripheral controller. The Am2910 Micropro¬ 
gram Sequencer, Microprogram Memory, and the Microin¬ 
struction Register form the microprogram control portion of 
this peripheral controller. The Am2940 generates the memory 
address and maintains the word count required for DMA op¬ 
eration. An internal three-state bus provides the communi¬ 
cation path between the Microinstruction Register, the 
Am2917 Data Transceivers, the Am2940, the Am2901A Mi¬ 
croprocessor, and the Device Interface Circuitry. 


The Am2940 interconnections are shown in detail in Figure 4. 
Two Am2940’s are cascaded to generate a sixteen-bit address. 
The Am2940 ADDRESS and DATA output current sink capability 
is 24mA over the commercial operating range. This allows the 
Am2940’s to drive the System Address Bus and Internal Three- 
State Bus directly, thereby eliminating the need for separate bus 
drivers. Three-bits in the Microinstruction Register provide the 
Am2940 Instruction Inputs, lo-la- The microprogram clock is used 
to clock the Am2940’s and, when the ENABLE COUNTERS 
Instruction is applied, address and word counting is controlled by 
the CNT bit of the Microinstruction Register. 

Asynchronous interface control circuitry generates System Bus 
control signals and enables the Am2940 Address onto the Sys¬ 
tem Address Bus at the appropriate time. The open-collector 
DONE outputs are dot-anded and used as a test input to the 
Am2910 Microprogram Sequencer. 



DEVICE 


Figure 3. DMA Peripheral Controller Block Diagram. 
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Ann2942 

Programmable Timer/Counter 
DMA Address Generator 


DISTINCTIVE CHARACTERISTICS 

• 22-pin version of Am2940 - 

Provides multiplexed Address and Data lines plus addi¬ 
tional Instruction Input and Instruction Enable pins. 

• Can be used as either DMA Address Generator or Pro¬ 
grammable Timer Counter. 

• Executes 16 instructions - 

Eight DMA Instructions plus eight Timer/Counter instruc¬ 
tions 

• Provides two independent programmable 8-bit up/down 
counters in a 22-pin package - 

Counters can be cascaded to form single-chip 16-bit up/ 
down counter. 

• Reinitialize capability - 

Counters can be reinitialized from on-chip registers. 

• Expandable eight-bit slice - 

Any number of Am2942s can be cascaded. Three de¬ 
vices provide a 48 bit counter. 

• Programmable control modes - 

Provide four types of control. 

• High speed bipolar LSI - 

Advanced Low-Power Schottky TTL technology provides 
typical count frequency of 25MHz and 24mA output cur¬ 
rent sink capability. 


GENERAL DESCRIPTION 

The Am2942, a 22-pin version of the Am2940, can be used 
es a high-speed DMA Address Generator or Programmable 
Timer/Counter. It provides multiplexed Address and Data 
lines, for use with a common bus, and additional Instruction 
Input and Instruction Enable pins. The Am2942 executes 16 
instructions; eight are the same as the Am2940 instructions, 
and eight instructions facilitate the use of the Am2942 as a 
Programmable Timer/Counter. The Instruction Enable input 
allows the sharing of the Am2942 instruction field with other 
devices. 

When used as a Timer/Counter, the Am2942 provides two in¬ 
dependent, programmable, eight-bit, up-down counters in a 
22 -pin package. The two on-chip counters can be cascaded to 
form a single chip, 16-bit counter. Also, any number of chips 
can be cascaded - for example three cascaded Am2942s 
form a 48-bit timer/counter. 

Reinitialization instructions provide the capability to reinitialize 
the counters from on-chip registers. Am2942 Programmable 
Control Modes, identical to those of the Am2940, offer four 
different types of programmable control. 


BLOCK DIAGRAM 



For applications information see the last part of this data sheet and Chapter VII of Bft Slice Microprocessor Design, by Mick and Brick, 
McGraw-Hill Publishers. 
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ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, 
temperature range and screening level. 


Order Number 

Package Type 

(Note!) 

Operating Range 

(Note 2) 

Screening Level 

(Note 3) 

AM2942DC 

D-22 

C 

C-1 

AM2942DC-B 

D-22 

C 

B-2(Note4) 

AM2942DM 

D-22 

M 

C-3 

AM2942DM-B 

D-22 

M 

B-3 

AM2942FM 

F-22 

M 

C-3 

AM2942FM-B 

F-22 

M 

B-3 

AM2942LC 

L-28 

C 

C-1 

AM2942LM 

L;28 

M 

C-3 

AM2942LM-B 

L-28 

M 

B-3 

AM2942XC 

Dice 

C 

\ Visual inspection 
} to MIL-STD-883 

AM2942XM 

Dice 

M 

j Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B 
for detailed outline. Where Appendix B contains several dash numbers, any of the variations of the package may 
be used unless otherwise specified. 

2. C = 0 to +70°C, Vcc = 4.75 to 5.25V, M = -55 to +125°C, Vcc = 4.50 to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 
conforms to MIL-STD-883, Class B. 

4. 96 hour burn-in. 



CONNECTION DIAGRAMS - Top Views 


Chip-Pak^^ 

L-28-1 


g I 


D-22 




F-22 Pin Configuration identical to D-22 


Note: Pin 1 is marked for orientation. 


Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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Am2942 

MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°C to +150X 

Temperature (Ambient) Under Bias 

-55°C to+125°C 

Supply Voltage to Ground Potential 

-0.5V to 4-7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5V to Vcc 

DC Input Voltage 

. -0.5V to +5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

-30mA to +5.0mA 


OPERATING RANGE 


P/N 

Range 

Temperature 


< 

o 

o 

Am2942DC 

COM’L 

Ta = 0°C to +70°C 

Vcc = 5.0V ±5% 

(MIN. = 4.75V MAX. = 5.25V) 

Am2942DM, FM 

MIL 

Tc = -55°to -h125°C 

Vcc = 5.0V ±10% 

(MIN. = 4.50V MAX. = 5.50V) 


DC CHARACTERISTICS OVER OPERATING RANGE Typ 

Parameters Description_Test Conditions (Note 1) _ Min. (Note 2) Max. Units 


Vqh 

Output HIGH Voltage 

Vcc = min., 

V|N = V,HorV,L 

MIL Iqh = -1 OmA 

COM’L Iqh = -2.6mA 

2.4 



Volts 

VoL 

Output LOW Voltage 

Vcc = min., 

V|N = V,HorV|L 

WCO, ACO 

MIL Iql = 8.0mA 
COM’L Iql = 12 mA 



0.5 

Volts 

Do_7. done 

MIL Iql = 16mA 

COM’L Iql = 24mA 

V|H 

Input HIGH Level (Note 4) 

Guaranteed Input Logical HIGH voltage for all inputs 

2.0 



Volts 

ViL 

Input LOW Level (Note 4) 

Guaranteed Input Logical LOW voltage for ail inputs 



0.8 


Vi 

Input Clamp Voltage 

Vcc ^ min., I||si = -18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = MAX., V|N = o:5V 

Do-7 



-0.15 

mA 

All Others 



-0.8 

IlH 

Input HIGH Current 

Vcc = max., V,n - 2.7V 

Do-7 



150 

fji/K 

All Others 



40 

•CEX 

Output Leakage on pONE 

Vcc = max., Vq = 5.5V 



250 

nA 

!l 

Input HIGH Current 

Vcc = max., V,n = 5.5V 



1.0 

mA 

*sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. + 0.5V, Vq = 0.5V 

-30 


-85 

mA 

*0ZL 

•OZH 

Output OFF Current 

Vcc max. 

dl = 2.4V 

VouT = 0.5V 

I 

o 

Q 



-150 

fxA 

VoUT == 2.4V 

Do-7 



150 

•cc 

Power Supply Current 



Ta = 25°C 


155 

250 

mA 

Vcc = max. 

_ 

Am2942PC, DC 

Ta = OX to +70X 



265 

Ta = +70X 



220 

Am2942DM, FM 

Tc = -55X to +125X 



285 

Tc = +125X 



205 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide no guaranteed noise immunity and should only be static tested in a noise-free environment (not functional testing). 



See Tables A for tg and th for various 
inputs. See Tables B for combinational 
delays from clock and other Inputs to 
outputs. 


Figure 5. Switching Waveforms. 


MPR-728 
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SWITCHING CHARACTERISTICS 

The tables below define the Am2942 switching characteristics. Tables A are set-up and hold times relative to the clock 
LOW-to-HIGH transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V 
with input levels at OV or 3V. All values are in ns with Cl = 50pF except output disable times (I to D) which are specified for a 5pF 
load. All times are in ns. 

I. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
Am2942PC, DC (Ta = 0 to +70°C, Vqc = 4.75 to 5.25V, Cl = 50pF) 


A. Set-up and Hold Times 
(Relative to clock 
LOW-to-HIGH transition) 


Input 


th 

^0-7 

24 

6 

•o-3 

46 

5 

AC\ 

30 

4 


30 

3 

Je_ 

46 

5 


C. Clock Requirements 


Minimum Clock LOW Time 

23 

ns 

Minimum Clock HIGH Time 

34 

ns 

Maximum Clock Frequency 

17 

MHz 


B. Combinational Delays 


Input 

AGO 

wco 

DONE 

Dq-T 


20 

~ 


- 

(Note 1) 

- 

20 

46 

- 

'o-3 

- 

- 

- 

37 

CP 

(Note 2) 

58 

58 

85 

59 

Ie 

- 

- 


37 


D. Enable/Disable Times 


From 

To 

Disable 

Enable 


OE 

^0-7 

25 

25 

ns 


II. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
Am2942DM, FM {Tq - -55 to +125°C, Vcc = 4.5 to 5.5V, Cl = 50pF) 


A. Set-up and Hold Times 
(Relative to clock 
LOW-to-HIGH transition) 


Input 


th 

^0-7 

27 

7 

•o-3 

49 

5 

acT 

34 

5 


34 

5 

Ie 

49 

5 


C. Clock Requirements 


Minimum Clock LOW Time 

23 

ns 

Minimum Clock HIGH Time 

35 

ns 

Maximum Clock Frequency 

17 

MHz 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful; 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vqc current as the device switches may 
cause erroneous function failures due to Vqc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5 “8ns. Inductance in the ground 


B. Combinational Delays 


Input 

AGO 

WGO 

DONE 

Do-7 

Jc\ 

21 

- ‘ 

- 

- 

(Note 1) 

- 

21 

54 

41 

lo-3 

- 

- 

-- 

CP 

(Note 2) 

64 

64 

88 

68 

Ie 

- 

- 

- 

41 


D. Enable/Disable Times 


From 

To 

— 

Disable 

Enable 


OE 

1^0-7 

30 

30 

ns 


Notes; 1. WCI to Done occurs only in control modes 0 and 1. 

2. CP to Done occurs only in control modes 0, 1, and 2. 

cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
V|L ^ 0,4V and V^ ^ 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6 . To assist in testing, AMD offers complete documentation 
on our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Am2942 ARCHITECTURE 

As shown in the Block Diagram, the Am2942 consists of the 
following: 

• A three-bit Control Register. 

• An eight-bit Address Counter with input multiplexer. 

• An eight-bit Address Register. 

• An eight-bit Word Counter with input multiplexer. 

• An eight-bit Word Count Register. 

• Transfer complete circuitry. 

• An eight-bit wide data multiplexer with three-state output 
buffers. 

• An instruction decoder. 

Control Register 

Under instruction control, the Control Register can be loaded 
or read from the bidirectional DATA lines D 0 -D 7 . Control Re¬ 
gister bits 0 and 1 determine the Am2942 Control Mode, and 
bit 2 determines whether the Address Counter increments or 
decrements. Figure 1 defines the Control Register format. 

Address Counter 

The Address Counter, which provides the current memory ad¬ 
dress, is an eight-bit, binary, up/down counter with ^ul[ look¬ 
ahead carry generation. The Address Carry input (ACI) and 
Address Carry Output (ACO) allow cascading to accommo¬ 
date larger addresses. Under instruction control, the Address 
Counter can be enabled, disabled, and loaded from the DATA 
inputs, Dp-Dy, or the Address Register. When enabled and 
the ACI input is LOW, the Address Counter increments/ 
decrements on the LOW to HIGH transition of the CLOCK in¬ 
put, CP. 

Address Register 

The eight-bit Address Register saves the initial address so 
that it can be restored later in order to repeat a transfer oper¬ 
ation. When the LOAD ADDRESS instruction is executed, the 
Address Register and Address Counter are simultaneously 
loaded from the DATA inputs, D 0 -D 7 . 


Word Counter and Word Count Register 

The Word Counter and Word Count Register, which maintain 
and save a word count, are similar in structure and operation 
to the Address Counter and Address Register, with the excep¬ 
tion that the Word Counter increments in Control Modes 1 
and 3, and decrements in Control Modes 0 and 2. The LOAD 
WORD COUNT instruction simultaneously loads the Word 
Counter and Word Count Register. 

Transfer Complete Circuitry 

the Transfer Complete Circuitry is a combinational logic net¬ 
work which detects the completion of the data transfer opera¬ 
tion in three Control Modes and generates the DONE output 
signal. The DONE signal is a open-collector output, which can 
be dot-anded between chips. 

Data Multiplexer 

The Data Multiplexer is an eight-bit wide, three-input multip¬ 
lexer which allows the Address Counter, Word Counter and 
Control Registerto be read at DATA lines D 0 -D 7 . The Data Mul¬ 
tiplexer output, Y 0 -Y 7 , is enable d Ont o DATA lines D 0-7 if and 
only If the Output Enable input, OEq, is LOW. (Refer to Figure 
2 .) 

Instruction Decoder 

The Instruction Decoder generates required internal control 
signals as a function of the INSTRUCTION inputs, I 0 -I 3 Con¬ 
trol Roister bits 0 and 1, and the INSTRUCTION ENABLE 
input, Ig. 

Clock 

The CLOCK input, CP is used to clock the Address Register, 
Address Counter, Word Count Register, Word Counter, and 
Control Register, all on the LOW to HIGH transition of the CP 
signal. 


Control Register 

I CRg I CRi I CRq I 


CRi 

CRo 

Control Mode 
Number 

Control 
. Mode Type 

Word 

Counter 

DONE Output Signal 

WCI = LOW 

WCI = HIGH 

L 

L 

0 

Word Count Equals Zero 

Decrement 

HIGH when 

Word Counter = 1 

HIGH when 

Word Counter = 0 

L 

H 

1 

Word Count Compare 

Increment 

HIGH when 

Word Counter + 1 
= Word Count Reg. 

HIGH when 

Word Counter 
= Word Count Reg. 

H 

L 

2 

Address Compare 

Decrement 

HIGH when Word Counter = Address Counter 

H 

H 

3 

-1 

Word Counter Carry Out 

Increment 

Always LOW 


CR2 

Address Counter 

L 

Increment 

H 

Decrement 


Figure 1. Control Register Format Definition. 


. 


OEd 

D0-D7 

L 

DATA MULTIPLEXER OUTPUT, Y 0 -Y 7 

H . 

HIGH Z 


Figure 2. Data Bus Output Enable Function. 
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Am2942 INSTRUCTIONS 

The Am2942 instruction set consists of sixteen instructions. 
Eight are DMA Instructions and are similar to the Am2940 
instructions. The remaining eight instructions are designed to 
facilitate the use of the Am2942 as a Programmable Timer/ 
Counter. Figures 3 and 4 define the Am2942 Instructions. 

Instructions 0-7 are DMA instructions. The WRITE CONTROL 
REGISTER instruction writes DATA input D 0 -D 2 into the Con- 


transition of the CLOCK input, CP. Thus, with this instruction 
applied, counting can be controlled by the carry inputs. 

The REINITIALIZE COUNTERS instruction also is Control 
Mode dependent. In Control Modes 0, 2, and 3, the contents 
of the Address Register and Word Count Register are trans¬ 
ferred to the respective Address Counter and Word Counter; 
in Control Mode 1, the content of the Address Register is 
transferred to the Address Counter and the Word Counter is 


•e 

•3 

•2 

l1 

lo 

HEX 

CODE 



0 

0 

0 

0 

0 

0 

WRITE CONTROL REGISTER 


0 

0 

0 

0 

1 

1 

READ CONTROL REGISTER 


0 

0 

0 

1 

0 

* 2 

READ WORD COUNTER 


0 

0 

0 

1 

1 

3 

READ ADDRESS COUNTER 

io 

0 

0 

1 

0 

0 

4 

REINITIALIZE COUNTERS 


0 

0 

1 

0 

1 

5 

LOAD ADDRESS 

H > 

0 

0 

1 

1 

0 

6 

LOAD WORD COUNT 

Z 

0 

0 

1 

1 

1 

7 

ENABLE COUNTERS 

CO 

1 

0 

X 

X 

X 

0-7 

INSTRUCTION DISABLE 


0 

1 

0 

0 

0 

8 

WRITE CONTROL REGISTER, T/C 


0 

1 

0 

0 

1 

9 

REINITIALIZE ADDRESS COUNTER 

_ H 

0 

1 

0 

1 

0 

A 

READ WORD COUNTER, T/C 

$5 m 

0 

1 

0 

1 

1 

B 

READ ADDRESS COUNTER. T/C 


0 

1 

1 

0 

0 

c 

REINITIALIZE ADDRESS & WORD COUNTERS 

c 0 

0 0 

0 

1 

1 

0 

1 

D 

LOAD ADDRESS, T/C 

- S 

0 z 

0 

1 

1 

1 

0 

E 

LOAD WORD COUNT, T/C 

Z H 
m 

0 

1 

1 

1 

1 

F 

REINITIALIZE WORD COUNTER 

CO g 

1 

1 

X 

X 

X 

8 -F 

INSTRUCTION DISABLE, T/C 



0 = LOW 1 = HIQH X = DON’T CARE 


Notes: 1. When 1^ is tied LOW, the Am2942 acts as a DMA circuit: When I 3 is tied HIGH, the Am2942 acts 
as a Timer/Counter circuit. 

2. Am2942 instructions 0 through 7 are the same as Am2940 instructions. 


Figure 3. Anf\2942 Instructions. 


trol Register; DATA inputs D3-D7 are “don’t care” inputs for 
this instruction. The READ CONTROL REGISTER instruction 
gates the Control Register to Data Multiplexer outputs Y 0 -Y 2 . 
Outputs Y3-Y7 are HIGH during this instruction. 

The Word Counter can be read using the READ WORD 
COUNTER instruction, which gates the Word Counter to Data 
Multiplexer outputs, Y 0 -Y 7 . The LOAD WORD COUNT instruc¬ 
tion is Control Mode dependent. In Control Modes 0, 2, and 3, 
DATA inputs D 0 -D 7 are written into both the Word Count Re¬ 
gister and Word Counter. In Control Mode 1, DATA inputs 
D 0 -D 7 are written into the Word Count Register and the Word 
Counter is cleared. 

The READ ADDRESS COUNTER instruction gates the Ad¬ 
dress Counter to Data Multiplexer outputs, Y 0 -Y 7 , and the 
LOAD ADDRESS Instruction writes DATA inputs D 0 -D 7 into 
both the Address Register and Address Counter. 

In Control Modes 0, 1, and 3, the ENABLE COUNTERS in¬ 
struction enables both the Address and Word Counters; in 
Control Mode 2, the Address Counter is enabled and the 
Word Counter holds its contents. When enabled and the carry 
input is active, the counters increment on the LOW to HIGH 


cleared. The REINITIALIZE COUNTERS instruction allows a 
data transfer operation to be repeated without reloading the 
address and word count from the DATA lines. 

When is HIGH, Instruction inputs, I 0 -I 2 . are disabled. If I 3 is 
LOW, the function performed is identical to that of the 
ENABLE COUNTERS instruction. Thus, counting can be con¬ 
trolled by the carry inputs with the ENABLE COUNTERS in¬ 
struction applied or with Instruction Inputs I 0 -I 2 disabled. 

Instructions 8 -F facilitate the use of the Am2942 as a Pro¬ 
grammable Timer/Counter. They differ from instructions 0-7 in 
that they provide independent control of the Address Counter, 
Word Counter and Control Register. 

The WRITE CONTROL REGISTER, T/C instruction writes 
DATA input D 0 -D 2 into the Control Register. DATA inputs 
D 3 -D 7 are “don’t care” inputs for this instruction. The Address 
and Word Counters are enabled, and the Control Register 
contents appear at the Data Multiplexer output. 

The REINITIALIZE ADDRESS COUNTER instruction allows 
the independent reinitialization of the Address Counter. The 
Word Counter is enabled and the contents of the Address 
Counter appear at the Data Multiplexer output. 


5-299 





Am2942 


executed. The Word Counter is enabled and Its contents ap¬ 
pear at the Data Multiplexer output. 

The LOAD WORD COUNT, T/C instruction is identical to the 
LOAD WORD COUNT instruction with the exception that Ad¬ 
dress Counter is enabled. 

The Word Counter can be independently reinitialized using 
the REINITIALIZE WORD COUNTER instruction. The Ad¬ 
dress Counter is enabled and the Word Counter contents ap¬ 
pear at the Data Multiplexer output. 

When the input is HIGH, Instruction inputs, lo’l 2 » are dis¬ 
abled. The function performed when I 3 is HIGH is identical to 
that performed when I 3 is LOW, with the exception that the 
Word Counter contents appear at the Data Multiplexer output. 


Ie 

blzhlo 

(Hex) 

Function 

Mnemonic 

Control 

Mode 

Word 

Reg. 

Word 

Counter 

Adr. 

Reg. 

Adr. 

Counter 

Control 

Reg. 

Data 

Multiplexer 

Output 

L 

0 

WRITE CONTROL 
REGISTER 

WRCR 

0 , 1 , 2,3 

HOLD 

HOLD 

HOLD 

HOLD 

Do.2 CR 

FORCED 

HIGH 

L 

1 

READ CONTROL 
REGISTER 

RDCR 

0 , 1 , 2,3 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

CONTROL 

REG. 

L 

2 

READ WORD 

COUNTER 

RDWC 

0 , 1 , 2,3 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

WORD 

COUNTER 

L 

3 

READ ADDRESS 
COUNTER 

RDAC 

0 , 1 , 2 , 3 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

ADR. 

COUNTER 

L 

4 

REINITIALIZE 

COUNTERS 

REIN 

0 , 2 , 3 

HOLD 

WR WC 

HOLD 

0 

< 

t 

a. 

< 

HOLD 

ADR. CNTR. 

1 

HOLD 

ZERO -♦ WC 

HOLD 

AR -* AC 

HOLD 

ADR. CNTR. 

L 

5 

LOAD 

ADDRESS 

LDAD 

0 , 1 , 2 , 3 

HOLD 

HOLD 

D -*-AR 

0 

< 

t 

0 

HOLD 

WORD 

COUNTER 

L 

6 

LOAD WORD 
COUNT 

LDWC 

0 , 2,3 

D~»-WR 

D-> WC 

HOLD 

HOLD 

HOLD 

FORCED HIGH 

1 

D-^WR 

ZERO-^WC 

HOLD 

HOLD 

HOLD 

FORCED HIGH 

L 

7 

ENABLE 

COUNTERS 

ENCT 

0 , 1 , 3 

HOLD 

ENABLE 

HOLD 

ENABLE 

HOLD 

ADR. CNTR. 

2 

HOLD 

HOLD 

HOLD 

ENABLE 

HOLD 

ADR. CNTR. 

H 

0-7 

INSTRUCTION 

DISABLE 

- , 

0, 1, 3 

HOLD 

ENABLE 

HOLD 

ENABLE 

HOLD 

ADR. CNTR. 

2 

HOLD 

: HOLD 

HOLD 

ENABLE 

HOLD 

ADR. CNTR. 

L 

8 

WRITE CONTROL 
REGISTER, T/C 

WCRT 

0. 1,2, 3 

HOLD 

ENABLE 

HOLD 

ENABLE 

Do-2 CR 

CONTROL 

REG. 

L 

9 

REINITIALIZE 

ADR. COUNTER 

REAC 

0, 1, 2, 3 

HOLD 

ENABLE 

HOLD 

AR AC 

HOLD 

ADR. 

COUNTER 

L 

A 

READ WORD 
COUNTER, TC 

RWCT 

0, 1, 2, 3 

HOLD 

ENABLE 

HOLD 

ENABLE 

HOLD 

WORD 

COUNTER 

L 

B 

READ ADDRESS 
COUNTER, T/C 

RACT 

0, 1,2, 3 

HOLD 

ENABLE 

HOLD 

ENABLE 

HOLD 

ADR. 

COUNTER - 

L 

C 

REINITIALIZE 
ADDRESS AND 
WORD COUNTERS 

RAWC 

0, 2, 3 

HOLD 

WR -►WC 

HOLD 

AR ^ AC 

HOLD 

ADR. CNTR. 

1 

HOLD 

ZERO -♦ WC 

HOLD 

0 

< 

t 

cc 

< 

HOLD 

ADR. CNTR. 

L 

D 

LOAD 

ADDRESS, T/C 

LDAT 

0, 1, 2, 3 

HOLD 

ENABLE 

D-o AR 

O.l 

< 

t 

Q 

HOLD 

WORD 

COUNTER 

L 

E 

LOAD WORD 
COUNT, T/C 

LWCT 

0, 2, 3 

D-+WR 

D -♦WC 

HOLD 

ENABLE 

HOLD 

FORCED HIGH 

1 

D -♦ WR 

ZERO-*>WC 

HOLD 

ENABLE 

HOLD 

FORCED HIGH 

L 

F 

REINITIALIZE 

WORD COUNTER 

REWC 

0, 2, 3 

HOLD 

WR-*> WC 

HOLD 

ENABLE 

HOLD 

WD. CNTR. 

1 

HOLD 

ZERO -♦ WC 

HOLD 

ENABLE 

HOLD 

WD. CNTR. 

H 

8-F 

INSTRUCTION 
DISABLE, T/C 

- 

0, 1, 3 

HOLD 

ENABLE 

HOLD 

ENABLE 

HOLD 

WD. CNTR. 

2 

HOLD 

HOLD 

HOLD 

ENABLE 

HOLD 

WD. CNTR. 


WR = WORD REGISTER AC = ADDRESS COUNTER 

WC = WORD COUNTER CR = CONTROL REGISTER 

AR = ADDRESS REGISTER D = DATA 


The Word Counter can be read, using the READ WORD 
COUNTER, T/C instruction. Both counters are enabled when 
this instruction is executed. 

When the READ ADDRESS COUNTER, T/C Instruction Is 
executed, both counters are enabled and the address counter 
contents appear at the Data Multiplexer output. 

The REINITIALIZE ADDRESS and WORD COUNTERS in¬ 
struction provides the capability to reinitialize both counters at 
the same time. The Address Counter contents appear at the Data 
Multiplexer output. 

DATA inputs D 0 -D 7 are loaded into both the Address Register 
and Counter when the LOAD ADDRESS, T/C instruction Is 


Figure 4. Am2942 Function Tabie. 
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Am2942 CONTROL MODES 

Control Mode 0 - Word Count Equals Zero Mode 

In this mode, the LOAD WORD COUNT instruction loads the 
word count into the Word Count Register and Word Counter. 
When th e Wo rd Counter is enabled and the Word Counter 
Carry-in, WCI, is LOW, the Word Counter decrements on the 
LOW to HIGH transition of the CLOCK input, CP. Figure 1 
specifies when the DONE signal is generated in this mode. 

Control Mode 1 - Word Count Compare Mode 

In this mode the LOAD WORD COUNT instruction loads the word 
count into the Word Count Register and clears the Word Counter. 
When t he W ord Counter is enabled and the Word Counter 
Carry-in, WCI, is LOW, the Word Counter increments on the LOW 
to HIGH transition of the clock input, CP. Figure 1 specifies when 
the DONE signal is generated. 

Control Mode 2 - Address Compare Mode 

In this mode, only an Initial and final memory address need 
to be specified. The initial Memory Address is loaded into the 
Address Register and Address Counter and the final memory 


address is loaded into the Word Count Register and Word 
Counter. The Word Counter Is always disabled in this mode 
and serves as a holding register for the final memory address. 
When the Address Counter is enabled and the ACI input is 
LOW, the Address Counter increments or decrements (de¬ 
pending on Control Register bit 2) on the LOW to HIGH trans¬ 
ition of the CLOCK input, CP. The Transfer Complete Circuitry 
compares the Address Counter with the Word Counter and 
generates the DONE signal during the last word transfer, i.e. 
when the Address Counter equals the Word Counter. 


Control Mode 3 — Word Counter Carry Out Mode 

For this mode of operation, the user can load the Word Count 
Register and Word Counter with the two’s complement of the 
number of data words to b e tran sferred. When the Word 
Counter is enabled and the WCI input is LOW, the Word 
Counter Increments on the LOW to HIGH transition of the 
CLOCK input, CP. A Word Counter Carry Out signal, WCO, 
Indicates the last data word Is being transferred. The DONE 
signal is not required in this mode and, therefore, is always 
LOW. 
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TEST OUTPUT LOAD CONFIGURATIONS FOR Am2942 


A. THREE STATE OUTPUTS 

Vcc 



5.0 - Vbe - Vql 
lOL + Vol/IK 


B. NORMAL OUTPUTS 

Vcc 



lOH 

5.0 - Vbe - Vql 

Ri = - 

•OL + V0L/R2 


C. OPEN-COLLECTOR OUTPUTS 

Vcc 



Notes; 1. Cl = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 

2 . Si, S 2 , S 3 are closed during function tests and all AC tests except output enable tests. 

3. Si and S 3 are closed while S 2 is open for tpzn test. 

Si and S 2 are closed while S 3 is open for tpzL test. 

4. Cl = S.OpF for output disable tests. 


TEST OUTPUT LOADS FOR Am2942 (DIP) 


Pin # 
(DIP) 

Pin Label 

Test 

Circuit 

Ri 

R2 

- 

Do-7 

A 

220 

1K 

20 

ACO 

B 

470 

2.4K 

21 

DONE 

C 

270 

- 

2 


B 

470 

_1 

2.4K 


For additional information on testing, see section 
“Guidelines on Testing Am2900 Family Devices.” 





Am2942 


APPLICATIONS 

Figure 6 shows an Am2942 used as two independent, pro¬ 
grammable eight-bit timer/counters. In this example, an 
Am2910 Microprogram Sequencer provides an address to 
Am27S27 512 x 8 Registered PROMs. The on-chip PROM 
output register is used as the Microinstruction Register. 

The Am2942 Instruction input, I 3 , is jied HIGH t o sele ct the 
eight Timer/Counter instructions. The Ig, lo'la. and OEq inputs 
are provided by the microinstruction, and the D 0 -D 7 data lines 
are connected to a common Data Bus. GATE WC and GATE 
AC are separate enable controls for the r espec tive Word 
Counter and Address Counter, The DONE, ACO and WCO 


output signals Indicate that a pre-programmed time or count 
has been reached. 

Figure 7 shows an Am2942 used as a single 16-bit pro- 
grammabl e time r/counter. In this example, the Word Counter 
carry-out, WCO, is connected to the Address Counter carry-in, 
ACI, to form a single 16-bit counter which is enabled by the 
GATE signal. 

Figure 8 shows two Am2942s cascaded to form a 32-bit 
programmable timer/counter. The two Word Counters form the 
low order 16 bits, and the two Address Counters form the 
high order bits. This allows the timer/counter to be loaded and 
read 16 bits at a time, 



Figure 6. Two 8-Bit Programmable Counters/Timers In a 22-Pin Package. 


MPR-234 


OTHER 

TEST 

INPUTS 



Figure 7. 16-Bit Programmable Counter/Timer Using a Single Am2942. 

MPR-235 
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Ani2942 


OTHER 

TEST 

INPUTS 



MPR-23e 


Figure 8. 32-Bit Programmable Counter/Timer Using Two Am2942s. 
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Am2946 • Am2947 

Octal Three^State Bidirectional Bus Transceivers 


DISTINCTIVE CHARACTERISTICS 

• 8-bit bidirectional data flow reduces system package count 

• 3-state inputs/outputs for interfacing with bus-oriented 
systems 

• PNP inputs reduce input loading 

• Vcc - 1.15 VoH interfaces with TTL, MOS and CMOS 

• 48mA, 300pF bus drive capability 

• Am2946 inverting transceivers 

• Am2947 noninvert ing transceivers 

• Transmit/Receive and Chip Disable simplify control logic 

• 20-pin ceramic and molded DIP package 

• Low power - 8mA per bidirectional bit 

• Advanced Schottky processing 

• Bus port stays in hi-impedance state during power up/down 


FUNCTIONAL DESCRIPTION 

The Am2946 and Am2947 are 8-bit state Schottky transceivers. 
They provide bidirectional drive for bus-oriented microprocessor 
and digital communications systems. Straight through bidirec¬ 
tional transceivers are featured, with 24mA drive capability on the 
A ports and 48mA bus drive capability on the B ports. PNP inputs 
are incorporated to reduce input loading. 

One input, Transmit/Receive determines the direction of logic 
signals through the bidirectional transceiver. The Chip Disable 
input disables both A and B ports by placing them in a 3-state 
condition. Chip Disable is functionally the same as an active LOW 
chip select. 

The output high voltage (Vqh) is specified at Vqc ~ 1.15V 
minimum to allow interfacing with MOS, CMOS, TTL, ROM, RAM, 
or microprocessors. 


Am2947 

LOGIC DIAGRAM 

Aq A2 A3 A4 Ag Ag Aj 



Am2946 has inverting transceivers. 


CONNECTION DIAGRAM 


LOGIC SYMBOL 


Top View 


A PORT 


Vcc Bg B2 B3 B4 Bg Bg B7 j/R 

nnnnnnnnnn 

20 19 18 17 16 15 14 13 12 11 


Am2946 

Am2947 


1 2 3456 7 89 10 

□TJ □□□□□□ 

Ag A.] A2 Ag A4 Ag Ag A7 CD GND 


1 2 3 4 5 6 7 8 



BPORT 


Note: Pin 1 is marked for orientaton. 


Vcc ~ Pi*^ 20 
GND - Pin 10 
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Am2946 • Am2947 

ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be Impaired) 

Storage Temperature 

-65to+150'’C 

Supply Voltage 

7.0V 

Input Voltage 

5.5V 

Output Voltage 

5.5V 

Lead Temperature (Soldering, 10 seconds) 

300"C 


ELECTRICAL CHARACTERISTICS 


The Following Conditions Apply Unless Otherwise Noted: 

MIL Ta = -55 to +125°C Vcc MIN = 4.5V Vcc MAX = 5.5V 

COM’L Ta = 0 to +70"C Vcc MIN = 4.75V Vcc MAX = 5.25V 

DC ELECTRICAL CHARACTERISTICS over operating temperature range jyp 

Parameters Description Test Conditions Min (Note 1) Max Units 


APORT(A<rA7) 1 

ViH 

Logical “1 ” Input Voltage 

CD = V,L MAX, T/R = 2.0V 

2.0 



Volts 

VlL 

Logical “0” Input Voltage 

CD = V,L MAX, 

T/R = 2.0V 

COM’L 



0.8 

Volts 

MIL 



0.7 

Vqh 

Logical “1” Output Voltage 

CD = V,L MAX, 

T/R = 0.8V 

'oh - -0.4mA 

Vcc-1-15 

Vcc-0.7 


Volts 

'OH — —3.0mA 

2.7 

3.95 


VoL 

Logical “0” Output Voltage 

CD = V,L MAX, 

T/R = 0.8V 

Iql = 12mA 


0.3 

0.4 

Volts 

COM’L Iql = 24mA 


0.35 

0.50 

•os 

Output Short Circuit Current 

CD = V,L MAX, T/R = 0.8V, Vq = OV, 

Vcc = MAX, Note 2 

-10 

-38 

-75 

mA 

l|H 

Logical “1” Input Current 

CD = V|L MAX, T/R = 2.0V, V, = 2.7V 


0.1 

80 

/xA 

»l 

Input Current at Maximum Input Voltage 

CD = 2.0V, Vcc max, V| = Vcc MAX 



1 

mA 

IlL 

Logical “0” Input Current 

CD = V|L MAX, T/R = 2.0V, V| = 0.4V 


-70 

-200 

fxA 

Vc 

Input Clamp Voltage 

CD = 2.0V, l|N = -12mA 


-0.7 

-1.5 

Volts 

•OD 

Output/Input 3-State Current 

CD = 2.0V 

Vq = 0.4V 



-200 

IjlA 

Vq = 4.0V 



80 

B PORT (B(y.B7) 1 

VlH 

Logical “1” Input Voltage 

CD = V|L MAX, T/R = V,l MAX 

2.0 



Volts 

V|L 

Logical “0” Input Voltage 

CD = V|L MAX, 

T/R = V,L MAX 

COM’L 



0.8 

Volts 

MIL 



0.7 

VOH 

Logical “1” Output Voltage 

CD - V,L MAX, 

T/R = 2.0V 

'oh -0.4mA 

Vcc-1-15 

Vcc-0.8 


Volts 

'oh — —5.0mA 

2.7 

3.9 


Iqh = -10mA 

2.4 

3.6 


VoL 

Logical “0” Output Voltage 

CD = V,L MAX, 

T/R = 2.0V 

'OL 20mA 


0.3 

0.4 

Volts 

'OL == 48mA 


0.4 

0.5 

'os 

Output Short Circuit Current 

CD = ViL MAX, T/R = 2.0V, Vq = OV 

Vcc = max, Note 2 

-25 

-50 

-150 

mA 

'IH 

Logical “1” Input Current 

CD = V|L MAX, T/R = V,L MAX. V, = 2.7V 


0.1 

80 

fiA 

1, 

Input Current at Maximum Input Voltage 

CD = 2.0V, Vcc = max, V, = Vcc MAX 



1 

mA 

'IL 

Logical “0” Input Current 

CD = V|L MAX, T/R = V|L MAX, V| = 0.4V 


-70 

-200 


Vc 

Input Clamp Voltage 

CD = 2.0V, l|N = -12mA 


-0.7 

-1.5 

Volts 

'OD 

Output/Input 3-State Current 

CD = 2.0V 

Vq = 0.4V 



-200 

IxA 

Vq = 4.0V 



200 

CONTROL INPUTS CD, T/R | 

V|H 

Logical "1” Input Voltage 


2.0 



Volts 

V|L 

Logical "0” Input Voltage 


COM’L 



0.8 

Volts 

MIL 



0.7 

l|H 

Logical "1” Input Current 

V, = 2.7V 


0.5 

20 

fx,A 


Input Current at Maximum Input Voltage 

Vcc = MAX, V| = Vcc max 



1.0 

mA 

l|L 

Logical “0” Input Current 

V| = 0.4V 

T/R 


-0.1 

-0.25 

mA 

CD 


-0.1 

-0.25 

Vc 

Input Clamp Voltage 

l||yj = -12mA 


-0.8 

-1.5 

Volts 


POWER SUPPLY CURRENT | 

■cc 

' 

Power Supply Current 

Am2946 

CD = V| = 2.0V, Vcc = max 


70 

100 

mA 

mA 

CD = 0.4V, V|NA = T/R = 2.0V. Vcc = MAX 


100 

150 

Am2947B 

CD = 2.0V, V| = 0.4V, Vcc = MAX 


70 

100 

CD = v,na = 0.4V, T/R = 2.0V, Vcc = max 


90 

140 
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Am2946 

AC ELECTRICAL CHARACTERISTICS (Vcc = 5 ov. Ta = 25°C) 


Typ 

Parameter Description Test Conditions (Note 1) Max Units 


A PORT DATA/MODE SPECIFICATIONS 

tpDHLA 

Propagation Delay to a Logical “0” from 

B Port to A Port 

CD = 0.4V, T/R = 0.4V (Figure 1) 

Ri = Ik, R2 = 5k, Ci= 30pF 

8 

12 

ns 

tpDLHA 

Propagation Delay to a Logical "1” from 

B Port to A Port 

CD = 0.4V, T/R = 0.4V (Figure 1) 

R^ = Ik, R2 = 5k, Cl = 30pF 

11 

16 

ns 

tPLZA 

Propagation Delay from a Logical “0” to 3-State from 
CD to A Port 

Bo to By = 2.4V, T/R = 0.4V (Figure 3) 
S 3 = 1, R 5 = 1k. C 4 = 15pF 

10 

15 

ns 

tpHZA 

Propagation Delay from a Logical “1” to 3-State from 
CD to A Port 

Bo to By = 0.4V, T/R = 0.4V (Figure 3) 
S 3 = 0, R 5 = Ik, C 4 = 15pF 

8 

15 

ns 

tpZLA 

Propagation Delay from 3-State to a Logical “0” from 
CD to A Port 

Bo to By = 2.4V, T/R = 0.4V (Figure 3) 
S 3 = 1, R 5 = 1k, C 4 = 30pF 

19 

25 

ns 

fpZHA 

Propagation Delay from 3-State to a Logical “1” from 

CD to A Port 

Bo to By = 0.4V, T/R = 0.4V (Figure 3) 
S 3 = 0 , R 5 = 5k, C 4 = 30pF 

19 

25 

ns 

B PORT DATA/MODE SPECIFICATIONS 

tPDHLB 

Propagation Delay to a Logical "0” from 

A Port to B Port 

CD = 0.4V, T/R = 2.4V (Figure 1) | 

12 

18 

ns 

Rl = 100 a, R 2 = Ik, Ci = 300pF 

Rl = 667a, R 2 = 5k, Ci = 45pF 

7 

12 

ns 

tpDLHB 

Propagation Delay to a Logical “1” from 

A Port to B Port 

CD = 0.4V, T/R = 2.4V (Figure 1) | 

15 

20 

ns 

Rl = 100 a, R 2 = Ik, Ci = 300pF 

Rl = 667a. R 2 = 5k, Cl = 45pF 

9 

14 

ns 

tpi_ZB 

Propagation Delay from a Logical “0" to 3-State from 
CD to B Port 

Ao to Ay = 2.4V. T/R = 2.4V (Figure 3) 
S 3 = 1, R 5 = Ik, C 4 = 15pF 

13 

18 

ns 

fpHZB 

Propagation Delay from a Logical “1” to 3-State from 

CD to B Port 

Ao to Ay = 0.4V, T/R = 2.4V (Figure 3) 
S3 = 0, R 5 = Ik, C 4 = 15pF 

8 

15 

ns 

tpZLB 

Propagation Delay from ^-State to a Logical "0” from 
CD to B Port 

Ao to Ay = 2.4V, T/R = 2.4V (Figure 3)| 

25 

35 

ns 

S 3 = 1 , R 5 = 100 a, C 4 = 300pF 

S3 = 1, Rs = 667a, C 4 = 45 pF 

16 

22 

ns 

tpzHB 

Propagation Delay from 3-State to a Logical “1” from 

CD to B Port 

Ao to Ay = 0.4V, T/R = 2.4V (Figure 3)| 

22 

35 

ns 

S 3 = 0, R 5 = 1k, C 4 = 300pF 

5^3 = 0, R 5 = 5k, C 4 = 45pF 

14 

22 

ns 

TRANSMIT RECEIVE MODE SPECIFICATIONS 

^TRL 

Propagation D^lay from Transmit Mode to Receive a 
Logical “0", T/R to A Port 

CD = 0.4V (Figure 2) 

51 = 1, R 4 = 100 a, C 3 =,5pF 

5 2 = 1, R 3 = Ik, C 2 = 30pF 

23 

33 

ns 

Hrh 

Propagation Delay from Transmit Mode to Receive a 
Logical “1", T/R to A Port 

CD = 0.4V (Figure 2) 

51 = 0, R 4 = 100a, C 3 = 5pF 

5 2 = d, R 3 = 5k, C 2 = 30pF 

22 

33 

ns 

tRTL 

Propagation Delay from Receive Mode to Transmit a 
Logical “0”, T/R to B Port 

CD = 0.4V (Figure 2) 

51 = 1, R 4 = 100a, C 3 = 300pF 

5 2 = 1 , R 3 = 300a, C 2 = 5 pF 

26 

35 

ns 

^RTH 

Propagation Delay from Receive Mode to Transmit a 
Logical “1”, T/R to B Port 

CD = 0.4V (Figure 2) 

51 = 0 , R 4 = Ik, C 3 = 300pF 

5 2 = 0 , R 3 = 300a, C 2 = 5pF 

27 

35 

ns 


Notes: 1. All typical values given are for Vcc - 5.0V and == 25°C. 
2. Only one output at a time should be shorted. 


FUNCTION TABLE 


Inputs 

Conditions 

Chip Disable 

0 

0 

1 

Transmit/Receive 

0 

1 

X 

A Port 

Out 

In 

Hl-Z 

B Port 

In 

Out 

Hl-Z 
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Am2946 


AC ELECTRICAL CHARACTERISTICS over operating range 

Parameter Description Test Conditions 

Am2946 COM’L 

Am2946 MIL 

Units 

Ta = 0 to +70‘’C 
Vcc = 5.0V ±5% 

Max 

Ta = -SSto +125X 
Vcc = 5.0V ±10% 

Max 

A PORT DATA/MODE SPECIFICATIONS | 

tpDHLA 

Propagation Delay to a Logical 
“0" from B Port to A Port 

CD ^ 0.4V, T/R = 0.4V (Figure 1) 

= Ik, R 2 = 5k, Cl = 30pF 

16 

19 

ns 

tPDLHA 

Propagation Delay to a Logical 
“1” from B Port to A Port 

CD = 0.4V, T/R = 0.4V (Figure 1) 

R^ = Ik, R 2 = 5k, Cl = 30pF 

20 

23 

ns 

tPLZA 

Propagation Delay from a Logical 
“0” to 3-State from CD to A Port 

, Bo to By = 2.4V, T/R = 0.4y (Figure 3) 
S 3 = 1 , R 5 = 1 k, C 4 = 15pF 

18 

21 

ns 

tpHZA 

Propagation Delay from a Logical 
“1” to 3-State from CD to A Port 

Bo to By = 0.4V, T/R = 0.4V (Figure 3) 
S 3 = 0, R 5 = Ik, C 4 = 15pF 

18 

21 

ns 

tpZLA 

Propagation Delay from 3-State to 
a Logical “0” from CD to A Port 

Bo to By = 2.4V, T/R = 0.4V (Figure 3) 
S 3 = 1, R 5 = Ik, C 4 = 30pF 

28 

33 

ns 

tpZHA 

Propagation Delay from 3-State to 
a Logical “1” from CD to A Port 

Bo to By = 0.4V, T/R = 0.4V (Figure 3) 
S 3 = 0, R 5 == 5k, C 4 = 30pF 

28 

33 

ns 

B PORT DATA/MODE SPECIFICATIONS 

tpDHLB 

Propagation Delay to a Logical 
“0 ” from A Port to B Port 


CD = 0.4V, T/R = 2.4V (Figure 1) | 

Rl = lOQft, R 2 = Ik, Cl = 300pF 

24 

29 

ns 

Rl = 667ft, R 2 = 5k, Ci = 45pF 

16 

19 

ns 

tPDLHB 

Propagation Delay to a Logical 
“1” from A Port to B Port 


CD = 0.4V, T/R = 2.4V (Figure 1) | 

Rl = 100ft, R 2 = Ik, Cl = 300pF 

25 

30 

ns 

Rl = 667ft, R 2 = 5k, Cl = 45pF 

19 

22 

ns 

tPLZB 

Propagation Delay from a Logical 
“0” to 3-State from CD to B Port 

Ao to Ay = 2.4V, T/R = 2.4V (Figure 3) 
S 3 = 1, R 5 = Ik, C 4 = 15pF 

23 

26 

ns 

tpHZB 

Propagation Delay from a Logical 
“1 ” to 3-State from CD to B Port 

Ao to Ay = 0.4V, T/R = 2.4V (Figure 3) 
S 3 = 0, R 5 = Ik, C 4 = 15pF 

18 

21 

ns 

tpZLB 

Propagation Delay from 3-State to 
a Logical “0” from CD to B Port 


Ao to Ay = 2.4V, T/R = 2.4V (Figure 3)| 
S 3 = 1. R 5 = 100 ft, C 4 = 300pF 

38 

43 

ns 

S 3 = 1, Rs = 667ft, C 4 = 45pF 

26 

30 

ns 

tpZHB 

Propagation Delay from 3-State to 
a Logical “1” from CD to B Port 


Ao to Ay = 0.4V, T/R = 2.4V (Figure 3) 
S 3 = 0 . R 5 = Ik, C 4 = 300pF 

. 38 

43 

ns 

S 3 = 0, R 5 = 5k, C 4 = 45pF 

26 

30 

ns 

TRANSMIT RECEIVE MODE SPECIFICATIONS 

^TRL 

Propagation Delay from Transmit 
Mode to Receive a Logical “0”, 

T/R to A Port 

CD = 0.4V (Figure 2) 

S-| = 1, R 4 = 100 ft, C 3 = 5pF 

S 2 = 1, R 3 = Ik, C 2 = 30pF 

38 

43 

ns 

tjRH 

Propagation Delay from Transmit 
Mode to Receive a Logical “1”, 

T/R to A Port 

CD = 0.4V (Figure 2) 

51 = 0, R 4 = 100ft, C 3 = 5pF 

5 2 == 0, R 3 = 5k, C 2 = 30pF 

38 

43 

ns 

tRTL 

Propagation Delay from Receive 
Mode to Transmit a Logical “0”, 

T/R to B Port 

CD = 0.4V (Figure 2) 

Si = 1, R 4 = 100ft, C 3 = 300pF 
$2 = 1, R 3 = 300ft, C 2 = 5pF 

41 

47 

ns 

tRTH 

Propagation Delay from Receive 
Mode to Transmit a Logical “1", 

T/R to B Port 

CD = 0.4V (Figure 2) 

51 = 0, R 4 = Ik, C 3 = 300pF 

5 2 = 0, R 3 = 300ft, C 2 = 5pF 

41 

47 

ns 
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Am2947 

AC ELECTRICAL CHARACTERISTICS (Vcc = 5 ov, Ta = 25°C) 


Typ 

Parameter Description Test Conditions (Note 1 ) Max Units 


A PORT DATA/MODE SPECIFICATIONS 

^PDHLA 

Propagation Delay to a Logical “0” from 

B Port to A Port 

CD = 0.4V. T/R = 0.4V (Figure 1) 

= ik, R 2 = 5k, Ci= 30pF 

14 

18 

ns 

tPDLHA 

Propagation Delay to a Logical “1” from 

B Port to A Port 

CD = 0.4V, T/R = 0.4V (Figure 1) 

= Ik, R 2 = 5k, Ci = 30pF 

13 

18 

ns 

¥lza 

Propagation Delay from a Logical “0" to 3-State from 

CD to A Port 

Bo to By = 0.4V, T/R = 0.4V (Figure 3) 
S 3 = 1, R 5 = 1 k, C 4 = 15pF 

11 

15 

ns 

tpHZA 

Propagation Delay from a Logical "1” to 3-State from 

CD to A Port 

Bo to By = 2.4V, T/R = 0.4V (Figure 3) 
S 3 = 0, R 5 = Ik, C 4 = 15pF 

8 

15 

ns 

tpZLA 

Propagation Delay from 3-State to a Logical “0” from 

CD to A Port 

Bo to By = 0.4V, T/R - 0.4V (Figure 3) 
S 3 = 1 , R 5 = Ik, C 4 = 30pF 

19 

25 

ns 

tpZHA 

Propagation Delay from 3-State to a Logical “1” from 

CD to A Port 

Bo to By = 2.4V, T/R = 0.4V (Figure 3) 
S 3 = 0, R 5 = 5k, C 4 = 30pF 

19 

25 

ns 

B PORT DATA/MODE SPECIFICATIONS 

tpDHLB 

Propagation Delay to a Logical “ 0 ” from 

A Port to B Port 

CD = 0.4V, T/R = 2,4V (Figure 1) | 

18 

23 

ns 

Rl = 100 a, R 2 = Ik, Ci = 300pF 

Rl = 667a, R 2 = 5k, Ci = 45pF 

11 

18 

ns 

tPDLHB 

Propagation Delay to a Logical “1” from 

A Port to B Port 

CD = 0.4V, T/R = 2.4V (Figure 1) | 

16 

23 

ns 

R^ = 100 a, R 2 = Ik, Cl = 300pF 

Rl = 667a, R 2 = 5k, Ci = 45pF 

11 

18 

ns 

tPLZB 

Propagation Delay from a Logical “0” to 3-State from 

CD to B Port 

Ao to Ay = 0.4V, T/R = 2.4V (Figure 3) 
S 3 = 1 , R 5 = Ik, C 4 - 15pF 

13 

18 

ns 

¥hzb 

Propagation Delay from a Logical “1” to 3-State from 

CD to B Port 

Ao to Ay = 2.4V, T/R = 2.4V (Figure 3) 
S 3 = 0 , R 5 = Ik, C 4 = 15pF 

8 

15 

ns 

¥zlb 

Propagation Delay from 3-State to a Logical “0” from 

CD to B Port 

Ao to Ay = 0.4V, T/R = 2.4V (Figure 3) 

25 

35 

ns 

S 3 = 1, R 5 = 100 a, C 4 = 300pF 

S 3 = 1 , R 5 = 667a, C 4 = 45pF 

16 

22 

ns 

tpZHB 

Propagation Delay from 3-State to a Logical “1” from 

CD to B Port 

Ao to Ay = 2.4V, T/R = 2.4V (Figure 3)1 

26 

35 

ns 

S 3 = 0 , R 5 = Ik, C 4 = 300pF 

S 3 = 0 , R 5 - 5k, C 4 = 45pF 

14 

22 

ns 

TRANSMIT RECEIVE MODE SPECIFICATIONS 

^TRL 

Propagation Dday from Transmit Mode to Receive a 
Logical “0”, T/R to A Port 

CD = 0.4V (Figure 2) 

51 = 1 , R 4 = 100 a, C 3 = 5pF 

5 2 = 1, R 3 = Ik, C 2 = 30pF 

28 

38 

ns 

tjRH 

Propagation Delay from Transmit Mode to Receive a 
Logical “1”, T/R to A Port 

CD = 0.4V (Figure 2) 

51 = 1 , R 4 = 100 a, C 3 = 5pF 

5 2 = 0, R 3 = 5k, C 2 = 30pF 

28 

38 

ns 

^RTL 

Propagation Delay from Receive Mode to Transmit a 
Logical “0”, T/R to B Port 

CD = 0.4V (Figure 2) 

51 = 1, R 4 = 100 a, C 3 = 300pF 

5 2 = 0 , R 3 = 300a, C 2 = 5pF 

31 

40 

ns 

tRTH 

Propagation Delay from Receive Mode to Transmit a 
Logical “1”, T/R to B Port 

CD = 0.4V (Figure 2) 

51 = 0, R 4 = Ik, C 3 = 300pF 

5 2 = 1 , R 3 = 300a, C 2 = 5pF 

31 

40 

ns 


Notes: 1. All typical values given are for Vqc = 5.0V and Ta = 25®C. 
2. Only one output at a time should be shorted. 


DEFINITION OF FUNCTIONAL TERMS 

Ao-Ay A port inputs/outputs are receiver output drivers when T/W 
is LOW and are transmit inputs when T/R is HIGH. 

Bo-By B port inputs/outputs are transmit output drivers when T/R 
is HIGH and receiver inputs when T/R is LOW. 


CD Chip Disable forces all output drivers into 3-state when 
HIGH (same function as active LOW chip select, CS). 

T/R Transmit/Receive direction control determines whether A 

port or B port drivers are in 3-state, With T/^HIGH A port 
is the input and B port is the output. With JfH LOW A port 
is the output and B port is the input. 
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Am2947 


AC ELECTRICAL CHARACTERISTICS over operating range 

Parameter Description Test Conditions 

Am2947 COM’L 

Am2947 MIL 

Units 

Ta = 0 to +70X 
Vcc = 5.0V ±5% 

Max 

Ta = ~55 to +125X 
Vcc = 5.0V ±10% 

Max 

A PORT DATA/MODE SPECIFICATIONS | 

tpDHLA 

Propagation Delay to a Logical 
“0” from B Port to A Port 

CD = 0.4V, T/R = 0.4V (Figure 1) 

R., = Ik, R 2 = 5k, Ci = 30pF 

21 

24 

ns 

IPDLHA 

Propagation Delay to a Logical 
“ 1 ” from B Port to A Port 

CD = 0.4V, T/R = 0.4V (Figure 1) 

= 1 k, Rg = 5k, Ci = 30pF 

21 

24 

ns 

tpi-ZA 

Propagation Delay from a Logical 
“0” to 3-State from CD to A Port 

Bo to B 7 = 0.4V, T/R = 0.4V (Figure 3) 
S 3 = 1 , R 5 =; Ik, C 4 = 15pF 

18 

21 

ns 

tPHZA 

.. 

Propagation Delay from a Logical 
“1” to 3-State from CD to A Port 

Bo to 67 = 2.4V, T/R = 0.4V (Figure 3) 
S 3 = 0 , R 5 = Ik, C 4 = 15pF 

18 

21 

ns 

tpZLA 

Propagation Delay from 3-State to 
a Logical “0” from CD to A Port 

Bq to B 7 = 0.4V, T/R = 0.4V (Figure 3) 
S 3 = 1 , R 5 = Ik, C 4 = 30pF 

28 

33 

ns 

tpZHA 

Propagation Delay from 3-State to 
a Logical “1” from CD to A Port 

Bo to B 7 = 2.4V, JiR = 0.4V (Figure 3) 
S 3 = 0, R 5 = 5k, C 4 = 30pF 

28 

33 

ns 

B PORT DATA/MODE SPECIFICATIONS 


tpDHLB 

Propagation Delay to a Logical 
“0” from A Port to B Port 


CD = 0.4V, T/R = 2.4V (Figure 1) | 

Rl = 100ft, R 2 = Ik, Cl = 300pF 

28 

34 

ns 

Rl = 667ft, R 2 = 5k, Cl = 45pF 

22 

25 

ns 

tpDLHB 

Propagation Delay to a Logical 
“1” from A Port to B Port 


CD = 0.4V, T/R = 2.4V (Figure 1) | 

Rl = 100ft, R 2 = Ik, Cl = 300pF 

28 

34 

ns 

Rl = 667ft, R 2 = 5k, Ci = 45pF 

22 

25 

ns 

tpLZB 

Propagation Delay from a Logical 
“0” to 3-State from CD to B Port 

Ao to A 7 = 0.4V, T/R = 2.4V (Figure 3) 
S 3 = 1 , Rg = Ik, C 4 = 15pF 

23 

26 

ns 

tPHZB 

Propagation Delay from a Logical 
“ 1 ” to 3-State from CD to B Port 

Ao to A 7 = 2.4V, T/R = 2.4V (Figure 3) 
S 3 = 0 , Rg = Ik, C 4 = 15pF 

18 

21 

ns 

tpZLB 

Propagation Delay from 3-State to 
a Logical “0” from CD to B Port 

j 

Ao to Aj = 0.4V, T/R = 2.4V (Figure 3)| 
S 3 = 1 , Rg = 100ft, C 4 = 300pF 

38 

43 

ns 

S 3 = 1, R 5 667ft, C 4 = 45pF 

26 

30 

ns 

tpZHB 

Propagation Delay from 3-State to 
a Logical “1” from CD to B Port 


Ao to Aj = 2.4V, T/R = 2.4V (Figure 3)| 
S 3 = 0, Rg = Ik, 64 = 300pF 

38 

43 

ns 

S 3 = 0 , Rg = 5k, C 4 = 45pF 

26 

30 

ns 

TRANSMIT RECEIVE MODE SPECIFICATIONS 

tjRL 

Propagation Delay from Transmit 
Mode to Receive a Logical “0", 

T/R to A Port 

CD = 0.4V (Figure 2) 

51 = 0, R 4 = lOOn, C 3 = 5pF 

5 2 = 1. R 3 = 1k, C 2 - 30pF 

42 

48 

ns 

Itrh . 

Propagation Delay from Transmit 
Mode to Receive a Logical “ 1 ”, 

T/R to A Port 

CD = 0.4V (Figure 2) 

51 = 1 , R 4 = 100 ft, C 3 = 5pF 

5 2 = 0, R 3 = 5k, C 2 = 30pF 

42 

48 

ns 

tRTL 

Propagation Delay from Receive 
Mode to Transmit a Logical “0", 

T/R to B Port 

CD = 0.4V (Figure 2) 

Si = 1 , R 4 = 100ft, C 3 = 300pF 
$2 = 1, R 3 = 300ft, C 2 = 5pF 

45 

51 

ns 

Irth 

Propagation Delay from Receive 
Mode to Transmit a Logical “1”, 

T/R to B Port 

CD = 0.4V (Figure 2) 

S^ = 0, R 4 = Ik. C 3 = 300pF 

S 2 = 1, R 3 = 300ft, C 2 = 5pF 

45 

51 

ns 
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SWITCHING TIME WAVEFORMS 
AND AC TEST CIRCUITS 


Am2946 
INPUT 
An OR Bn 
Am2947 


OUTPUT 
®n OR An 





tr = tf < 10 ns 

10 % to 90% Note: Ci includes test fixture capacitance. 


Figure 1. Propagation Delay from A Port to B Port or from B Port to A Port. 






tr = tf < 10 ns 

10% to 90% Note: C 2 and C 3 include test fixture capacitance. 


Figure 2. Propagation Delay from T/R to A Port or B Port. 




Note: C 4 includes test fixture capacitance. 
Port input is in a fixed logical condition. 


Figure 3. Propagation Delay from CD to A Port or B Port. 
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Metallization and Pad Layouts 


Am2946 Am2947 



DIE SIZE .069” X .089” 


DIE SIZE .069” X .089” 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Am2946 
Order Number 

Am2947 
Order Number 

Package Type 
(Note 1) 

Operating 
(Note 2) 

Screening Level 
(Note 3) 

AM2946PC 

AM2947PC 

D-20-1 

C 

C-1 

AM2946DC 

AM2947DC 

D-20-1 

C 

C-1 

AM2946DC-B 

AM2947DC-B 

D-20-1 

C 

B-1 

AM2946DM 

AM2947DM 

D-20-1 

M 

C-3 

AM2946DM-B 

AM2947DM-B 

D-20-1 

M 

1 

B-3 

Visual inspection 

AM2946XC 

AM2947XC 

Dice 

^ 1 

to MIL-STD-883 
Method 2010B. 


Notes: 

1 . P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. Where Appendix B 
contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C = 0 to 70°C, Vcc = 4.75V to 5.25V, M = -55 to +125°C, Vcc = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 

4. 96 hour burn-in. 
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Am2948 • Am2949 

Octai Three-State Bidirectional Bus Transceivers 


DISTINCTIVE CHARACTERISTICS 

• 8-bit bidirectional data flow reduces system package count 

• 3-state inputs/outputs for interfacing with bus-oriented 
systems 

• PNP inputs reduce input loading 

• Vcc ” 1.15V VoH interfaces with TTL, MOS, and CMOS 

• 48mA, 300pF bus drive capability 

• Am2948 has inverting tranceivers 

• Am2949 has noninverting transceivers 

• Separate TRANSMIT and RECEIVE Enables 

• 20 pin ceramic and molded DIP package 

• Low power - 8mA per bidirectional bit 

• Advanced Schottky processing 

• Bus port stays in hi-impedance state during power up/down 


GENERAL DESCRIPTION 

The Am2948 and Am2949 are 8-bit, 3-state Schottky trans¬ 
ceivers. They provide bidirectional drive for bus-oriented micro¬ 
processor and digital communications systems. Straight through 
bidirectional transceivers are featured, with 24mA drive capability 
on the A ports and 48mA bus drive capability on the B ports. PNP 
inputs are incorporated to reduce input loading. 

Separate TRANSMIT and RECEIVE Enables are provided for 
microprocessor system with separated read and write control 
bus lines. 

The output high voltage (Vqh) is specified at Vqc “ 1.15V 
minimum to allow interfacing with MOS, CMOS, TTL, ROM, RAM, 
or microprocessors. 


Am2949 

LOGIC DIAGRAM 



Am2948 has inverting transceivers. 


CONNECTION DIAGRAM 
Top View 


02 83 84 Bg Bg By R 



Note: Pin 1 is marked for orientation. 
Am2948 is inverting from Ai to Bi 


LOGIC SYMBOL 


A PORT 


1 

2 

1 

3 

I 

4 

_L 

5 

6 

I 

7 

1 

8 


Aq 

Al 

A2 

A 3 

A4 

A 5 

A6 

A? 





Am2948/2949 





Bo 


B2 

B 3 

84 

B 5 

Be 

B? 

19 

T 

18 

T 

17 

1 

16 

T 

15 

T 

T 

13 

12 


B PORT 


Vqq = Pin 20 
GND = Pin 10 


BLI-1 09 
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Am2948 • Am2949 

ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) ? 

Storage Temperature 

-65 to +150°C 

Supply Voltage 

7.0V 

Input Voltage ^ 

5.5V 

Output Voltage 

5.5V 

Lead Temperature (Soldering, 10 seconds) 

300°C 


ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Noted: 

MIL Ta = -55 to +125°C Vcc MIN = 4.5V Vcc MAX = 5.5V 

COM’L TA = 0 to+70‘’C Vcc MIN = 4.75V Vcc MAX = 5.25V 

DC ELECTRICAL CHARACTERISTICS over operating temperature range 

Parameters Description Test Conditions 


A PORT (A0-A7) 1 

V|H 

Logical “1” Input Voltage 

T = 0.8V, R = 2.0V 

2,0 



Volts 

V|L 

Logical “0” Input Voltage 

T = 0.8V, R = 2.0V 

COM’L 



0.8 

Volts 

MIL 



0.7 

VOH 

Logical “1” Output Voltage 

T = 2.0V, R = 0.8V 

Iqh .= -0.4mA 

Vcc-1.15 

d 

0 


Volts 

'oh = -3.0mA 

2.7 

' 3.95 


VoL 

Logical “0 ” Output Voltage 

T = 2.0V, R = 0.8V 

Iql = 12mA 


0.3 

0.4 

Volts 

COM’L Iql = 24mA 


0.35 

0.50 

'os 

Output Short Circuit Current 

T = 2.0V, R = 0.8V, Vq = OV, 

Vcc = I^AX, Note 2 

-10 

-38 

-75 

mA 

'iH 

Logical “1” Input Current 

T = 0.8V, R = 2.0V, Vi = 2.7V 


0.1 

80 

mA 

1| 

Input Current at Maximum Input Voltage 

T = R = 2.0V, Vcc = MAX, V| = Vcc max 



1 

mA 

l|L 

Logical “0” Input Current 

T = 0.8V, R = 2.0V, V| = 0.4V 


-70 

-200 

fxA 

Vc 

Input Clamp Voltage 

T =R = 2.0V, l|N = -12mA 


-0.7 

-1.5 

Volts 

'OD 

Output/Input 3-State Current 

T = R = 2,0V 

Vq = 0.4V 



-200 

fxA 

Vq = 4.0V 



80 

BPORT(Bo-B7) I 

V|H 

Logical “1” Input Voltage 

T = 2.0V, R = 0.8V 

2.0 



Volts 

V|L 

Logical “0” Input Voltage 

T = 2.0V, R = 0.8V 

COM’L 



0.8 

Volts 

MIL 



0.7 

Vqh 

Logical “1” Output Voltage 

T = 0.8V, R = 2.0V 

Iqh = -0.4mA 

Vcc-1-15 

Vcc-0.8 


Volts 

'oh = -5.0mA 

2.7 

3.9 


Iqh = -10mA 

2.4 

3.6 


VoL 

Logical “0” Output Voltage 

T = 0.8V, R = 2.0V 

Iql = 20mA 


0.3 

0.4 

Volts 

Iql = 48mA 


0.4 

0.5 

'os 

Output Short Circuit Current 

T = 0.8V, R = 2.0V, Vq = OV 

Vcc = MAX, Note 2 

-25 

-50 

-150 

mA 

'IH 

Logical “1” Input Current 

T = 2.0V, R = 0.8V, V| = 2.7V 


0.1 

80 

fjiA 

'1 

Input Current at Maximum Input Voltage 

T = R = 2.0V, Vcc = max, v, = Vcc max 



1 

mA 

'IL 

Logical "0” Input Current 

T = 2.0V, R = 0.8V, V| = 0.4V 


-70 

-200 

(mA 

Vc 

Input Clamp Voltage 

T = R = 2,0V, l,N = -12mA 


-0.7 

-1.5 

Volts 

'OD 

Output/Input 3-State Current 

T = R = 2.0V 

Vq = 0.4V 



-200 

mA 

Vq = 4.0V 



200 

CONTROL INPUTS T, R | 

VlH 

Logical “1 ” Input Voltage 


2.0 



Volts 

V,L 

Logical “0” Input Voltage 


COM’L 



0.8 

Volts 

MIL 



0.7 

'IH 

Logical “1” Input Current 

Vi = 2.7V 


0.5 

20 

mA 

'1 

Input Current at Maximum Input Voltage 

Vcc = max, V| = Vcc max 



1.0 

mA 

'll- 

Logical “0 ” Input Current 

V| = 0.4V 

R 


-0.1 

-0.25 

mA 

T 


-0.25 

-0.5 

Vc 

Input Clamp Voltage 

l|N = -12mA 


-0.8 

-1.5 , 

Volts 

POWER SUPPLY CURRENT 

'cc 

Power Supply Current 

Am2948 

T = R = 2.0V, V| = 2.0V, Vcc = MAX 


70 

100 

mA 

T = o.4V,,V|na = R = 2.0V, Vcc = max 


100 

150 

Am2949 

T = R = 2.0V, V| - 0.4V, Vcc = MAX 


70 

100 

mA 

T = V|na = 0.4V, R = 2.0V, Vcc = MAX 


90 

140 


Typ 

Min (Note 1) Max Units 
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Am2948 

AC ELECTRICAL CHARACTERISTICS (Vcc = 5 ov. Ta = 25‘^C) 

Parameter Description Test Conditions Typ Max Units 


A PORT DATA/MODE SPECIFICATIONS 

tpDHLA 

Propagation Delay to a Logical “0” from 

B Port to A Port 

T = 2.4V, R = 0.4V (Figure A) 

Rl = Ik, R2 = 5k, Cl = 30pF 

8 

12 

ns 

tpDLHA 

Propagation Delay to a Logical “1” from 

B Port to A Port 

T = 2.4V, R = 0.4V (Figure A) 

Rl = Ik, R2 = 5k, Cl = 30pF 

11 

16 

ns 

tpLZA 

Propagation Delay from a Logical “0” to 3-State from 

R to A Port 

Bo to By = 2.4V, T = 2.4V (Figure B) 

S3 = 1, R5 = 1k, C4 = 15pF 

10 

15 

ns 

tpHZA 

Propagation Delay from a Logical “1” to 3-State from 

R to A Port 

Bo to By = 0.4V, T = 2.4V (Figure B) 

S3 = 0, R5 = Ik, C4 = 15pF 

8 

15 

ns 

tpZLA 

Propagation Delay from 3-State to a Logical "0” from 

R to A Port 

Bo to By = 2.4V, T = 2.4V (Figure B) 

S3 = 1, R5 = Ik, C4 = 30pF 

20 

27 

ns 

¥zha 

Propagation Delay from 3-State to a Logical “1” from 

R to A Port 

Bo to By = 0.4V, T = 2.4V (Figure B) 

S3 = 0, R5 = 5k, C4 = 30pF 

20 

27 

ns 

B PORT DATA/MODE SPECIFICATIONS 

tPDHLB 

Propagation Delay to a Logical “0” from 

A Port to B Port 

T = 0.4V, R = 2.4V (Figure A) | 

Rl = 100ft, R2 = 1k, Ci = 300pF 




Rl = 667ft, R2 = 5k, Ci = 45pF 

8 

12 


tpDLHB 

Propagation Delay to a Logical “1” from 

A Port to B Port 

T = 0.4V, R = 2.4V (Figure A) | 

Rl = 100ft, R2 = 1k, Cl = 300pF 

15 



Rl = 667ft, R2 = 5k, Ci - 45pF 

9 


ns 

¥lzb 

propagation Delay from a Logical “0” to 3-State from 

T to B Port 

Ao to Ay = 2.4V, R = 2.4V (Figure B) 

S3 = 1, R5 = 1k. C4 = 15pF 




tpHZB 

propagation Delay from a Logical “1” to 3-State from 

T to B Port 

Ao to Ay = 0.4V, R = 2.4V (Figure B) 

S3 = 0, R5 = Ik, C4 = 15pF 

8 

15 


tpZLB 

Propagation Delay from 3-State to a Logical “0” from 

T to B Port 

Ao to Ay = 2.4V, R = 2.4V (Figure B) | 
S3 = 1, R5 = 100ft, C4 = 300pF 

25 

35 


S3 = 1, R5 = 667ft, C4 = 45pF 

18 

25 

ns 

tpZHB 

Propagation Delay from 3-State to a Logical “1” from 

T to B Port 

Ao to Ay = 0.4V, R = 2.4V (Figure B) | 
S3 = 0, R5 = Ik, C4 = 300pF 




S3 ^ 0, R5 = 5k, C4 = 45pF 





FUNCTION TABLE 


Control Inputs 

Resulting Conditions 

Transmit 

Receive 

A Port 

B Port 

1 

0 

Out 

In 

0 

1 

In 

Out 

1 

1 

3-State 

3-State 

0 

0 

Both Active* 


*This is not an intended logic condition and may cause oscillations. 











Am2948/2949 


Am2948 

AC ELECTRICAL CHARACTERISTICS over operating range 

Parameter Description Test Conditions 

Am2948 COM’L 

Am2948 MIL 

Units 

TA = 0to +70“C 
Vcc = 5.0V ±5% 

Max 

Ta = -55 to +125X 
Vcc = 5.0V ±10% 

Max 

A PORT DATA/MODE SPECiFICATIONS | 

tpDHLA 

Propagation Delay to a Logical 
“0” from B Port to A Port 

T = 2.4V, R = 0.4V (Figure A) 

R^ = 1k, R 2 = 5k, Ci = 30pF 

19 

16 

ns 

IPDLHA 

Propagation Delay to a Logical 
“1” from B Port to A Port 

T = 2.4V, R = 0.4V (Figure A) 

Rl = Ik, R 2 = 5k, Cl = 30pF 

23 

20 

ns 

IPLZA 

Propagation Delay from a Logical 
“0” to 3-State from R to A Port 

Bo to By = 2.4V, T = 2.4V (Figure B) 
S 3 = 1, Rg = Ik, C 4 = 15pF 

21 

18 

ns 

tPHZA 

Propagation Delay ^m a Logical 
“1” to 3-State from R to A Port 

Bq to By = 0.4V, T = 2.4V (Figure B) 
S 3 = 0 , R 5 = Ik, C 4 = 15pF 

21 

18 

ns 

IPZLA 

Propagation Delay jfjpm 3-State to 
a Logical “0” from R to A Port 

Bo to By = 2.4V, T = 2.4V (Figure B) 
S 3 = 1 , Rg = Ik, C 4 = 30pF 

35 

30 

ns 

IPZHA 

Propagation Delay from 3-State to 
a Logical “1” from R to A Port 

Bo to. By = 0.4V, T = 2.4V (Figure B) 
S 3 = 0, R 5 = 5k, C 4 = 30pF 

35 

30 

ns 

B PORT DATA/MODE SPECIFICATIONS 


tpDHLB 

Propagation Delay to a Logical 
“0” from A Port to B Port 

T = 0.4V, R = 2.4V (Figure A) | 

Rl = 100 a, R 2 - 1k, Cl = 300pF 

29 

24 

ns 

Rl = 6670, R 2 = 5k, Ci = 45pF 

19 

16 

ns 

IPDLHB 

Propagation Delay to a Logical 
“1” from A Port to B Port 

T = 0.4V, R = 2.4V (Figure A) | 

Rl = 1000 , R 2 = Ik, Ci = 300pF 

30 

25 

ns 

Rl = 6670, R 2 = 5k, Ci = 45pF 

22 

19 

ns 

tpLZB 

Propagation Delay from a Logical 
“0” to 3-State from T to B Port 

Ao to Ay = 2.4V, R = 2.4V (Figure B) 
S 3 = 1 , R 5 = Ik, C 4 ^ 15pF 

26 

23 

ns 

tpHZB 

Propagation Delay from a Logical 
' “1” to 3-State from T to B Port 

Ao to Ay = 0.4V, R = 2.4V (Figure B) 
S 3 = 0 , Rg = Ik, C 4 = 15pF 

21 

18 

ns 

tpZLB 

Propagation Delay from 3-State to 
a Logical “ 0 ” from T to B Port 

Ao to Ay = 2.4V, R = 2.4V (Figure B)| 
S 3 = 1 , Rg = 1000 , C 4 = 300pF 

43 

38 

ns 

S 3 - 1, R 5 = 6670, C 4 = 45pF 

33 

28 

ns 

IPZHB 

Propagation Delay from 3-State to 
a Logical “1” from Tto B Port 

Ao to Ay = 0.4V, R = 2.4V (Figure B)| 
S 3 = 0, Rg = 1k, C 4 = 300pF 

43 

38 

ns 

S 3 = 0, R 5 = 5k, C 4 = 45pF 

33 

28 

ns 
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Am2948/2949 


Am2949 

AC ELECTRICAL CHARACTERISTICS (Vcc = 5 ov. Ta = 25‘’C) 

Parameter Description Test Conditions Typ Max Units 


A PORT DATA/MODE SPECIFICATIONS 

tpDHLA 

Propagation Delay to a Logical “0” from 

B Port to A Port 

T = 2.4V, R = 0.4V (Figure A) 

Rl = 1 k, R 2 = 5k, Ci = 30pF 

14 

18 

ns 

tpDLHA 

Propagation Delay to a Logical “1” from 

B Port to A Port 

T = 2.4V, R = 0.4V (Figure A) 

Rl = ik, R 2 = 5k, Ci = 30pF 

13 

18 

ns 

tpLZA 

Propagation Delay from a Logical “0" to 3-State from 

R to A Port 

Bo to By = 0.4V, T = 2.4V (Figure B) 

S 3 = 1, R 5 = Ik, C 4 = 15pF 

11 

15 

ns 

tpHZA 

Propagation Delay from a Logical “1” to 3-State from 

R to A Port 

Bo to By = 2.4V, T = 2.4V (Figure B) 

S 3 = 0 , R 5 = Ik, C 4 = 15pF 

8 

15 

ns 

tpZLA 

Propagation Delay from 3-State to a Logical “0” from 

R to A Port 

Bo to By = 0.4V, T = 2.4V (Figure B) 

S 3 = 1 , R 5 = 1k, C 4 = 30pF 

20 

27 

ns 

tpZHA 

Propagation Delay from 3-State to a Logical “1” from 

R to A Port 

Bo to By = 2.4V, T = 2.4V (Figure B) 

S 3 = 0. R 5 = 5k, C 4 = 30pF 

20 

27 

__ 

ns 

B PORT DATA/MODE SPECIFICATIONS 

tpDHLB 

Propagation Delay to a Logical “0” from 

A Port to B Port 

T = 0.4V, R = 2.4V (Figure A) | 

Rl = 100 a, R 2 = Ik, Ci = 300pF 

18 

23 

ns 

Rl = 667n, R 2 = 5k, Cl = 45pF 

11 

18 

ns 

tpDLHB 

Propagation Delay to a Logical “1” from 

A Port to B Port 

T = 0.4V, R = 2.4V (Figure A) | 

Rl = 100 a, R 2 = 1 k, Cl = 300pF 

16 

23 

ns 

Rl = 667n, R 2 = 5k, Ci = 45pF 

11 

18 

ns 

tpLZB 

Propagation Delay from a Logical “0” to 3-State from 

T to B Port 

Ao to Ay = 0.4V, R = 2.4V (Figure B) 

S 3 = 1. R 5 = 1 k, C 4 = 15pF 

13 

18 

ns 

tpHZB 

Propagation Delay from a Logical “1" to 3-State from 

T to B Port 

Ao to Ay = 2.4V, R = 2.4V (Figure B) 

S 3 = 0, R 5 = Ik, C 4 = 15pF 

8 

15 

ns 

tpZLB 

Propagation Delay from 3-State to a Logical “0” from 

T to B Port 

Aq to Ay = 0.4V, R = 2.4V (Figure B) | 
S 3 = 1, R 5 = 100 a, C 4 = 300pF 

25 

35 

ns 

S 3 = 1 , R 5 = 667a, C 4 = 45pF 

17 

25 

ns 

tpZHB 

Propagation Delay from 3-State to a Logical “1” from 

T to B Port 

Ao to Ay = 2.4V, R = 2.4V (Figure B) | 
S 3 = 0, Rs = Ik, C 4 = 300pF 

24 

35 

ns 

S 3 = 0 , R 5 = 5k, C 4 = 45pF 

17 

25 

ns 


DEFINITION OF FUNCTIONAL TERMS 

A 0 -A 7 A port inp uts/outputs ar e receiver o utput drivers when 

Receive is LOW and Transmit is HIGH, and are 
transmit inputs when Receive is HIGH and Transmit 
is LOW. 

B 0 -B 7 B port inp uts/outputs a re transm it output drivers when 

Transmit is LOW and Receive is HIGH, and are re¬ 
ceiver inputs when Transmit is HIGH and Receive 
is LOW. 


Transmi t, These controls determine whe ther A po rt a nd B port 
Receive drivers are in 3-state. With both Transmit and Receive 
HIGH both ports are in 3-state. Transmit and Receive 
both LOW activate both drivers and may cause oscil¬ 
lations. This is not an intended logic condition. With 
Transmit HIGH and Receive LOW A po rt is the output 
and B port is the input. With Transmit LOW and ft[e^ 
ceive HIGH B port is the output and A port is the input. 







Am2948/2949 

Am2949 


AC ELECTRICAL CHARACTERISTICS over operating range 

Parameter Description Test Conditions I 

Am2949 COM’L 

Am2949 MIL 

Units 

Ta = 0 to -F70‘^C 
Vcc = 5.0V ±5% 

Max 

TA=-55to -i-125"C 
Vcc = 5.0V ±10% 

Max 

A PORT DATA/MODE SPECIFICATIONS 

¥dhla 

Propagation Delay to a Logical 
“0” from B Port to A Port 

T = 2.4V, R = 0.4V (Figure A) 

R^ = 1k, R 2 = 5k, Ci = 30pF 

24 

21 

ns 

¥dlha 

Propagation Delay to a Logical 
“1” from B Port to A Port 

T = 2.4V, R = 0.4V (Figure A) 

Rl = Ik, R 2 = 5k, Cl = 30pF 

24 

21 

ns 

IPLZA 

Propagation Delay from a Logical 
“0” to 3-State from R to A Port 

Bo to Bj = 0.4V, T = 2.4V (Figure B) 
S 3 = 1 , R 5 - Ik, C 4 = 15pF 

21 

18 

ns 

IpHZA 

Propagation Delay from a Logical 
“1” to 3-State from R to A Port 

Bq to By = 2.4V, T = 2.4V (Figure B) 
S 3 = 0 , R 5 = Ik, C 4 = 15pF 

21 

18 

ns 

Wla 

Propagation Delay from 3-State to 
a Logical “0” from R to A Port 

Bo to By = 0.4V, T = 2.4V (Figure B) 
S 3 = 1 , R 5 — 1 k, C 4 = 30pF 

35 

30 

ns 

tpZHA 

Propagation Delay_from 3-State to 
a Logical “1” from R to A Port 

Bo to By = 2.4V, 2.4V (Figure B) 

S 3 = 0, R 5 = 5k, C 4 = 30pF 

35 

30 

ns 

B PORT DATA/MODE SPECIFICATIONS 

tpDHLB 

Propagation Delay to a Logical 
“0” from A Port to B Port 

T = 0.4V, R = 2.4V (Figure A) 

I Ri = 100 a, R 2 = Ik, Cl = 300pF 


34 

28 

ns 

1 Ri = 6670, R 2 = 5k, Ci = 45pF 

25 

22 

ns 

tpDLHB 

Propagation Delay to a Logical 
“1” from A Port to B Port 

T = 0.4V, R = 2.4V (Figure A) | 

Rl = 1000 , R 2 = Ik, Ci = 300pF 

34 

28 

ns 

Rl = 6670, R 2 = 5k, Ci = 45pF 

_25 

22 

ns 

¥lzb 

Propagation Delay fmm a Logical 
“0” to 3-State from T to B Port 

Ao to Ay = 0.4V, R = 2.4V (Figure B) 
S 3 = 1, R 5 = 1k, C 4 = 15pF 

26 

23 

ns 

tpHZB 

Propagation Delay from a Logical 
“1” to 3-State from T to B Port 

Ao to Ay = 2.4V, R = 2.4V (Figure B) 
S 3 = 0. R 5 = Ik, C 4 = 15pF 

21 

18 

ns 

tpZLB 

Propagation Delay from 3-State to 
a Logical “0" fromT to B Port 

Ao to Ay = 0.4V, R = 2.4V (Figure B)] 
S 3 = 1, R 5 = 1000 , C 4 = 300pF 

43 

38 

ns 

S 3 = 1 , R 5 = 6670, C 4 = 45pF 

33 

28 

ns 

IPZHB 

Propagation Delay from 3-State to 
a Logical “ 1 ” from T to B Port 

Ao to Ay = 2.4V. R = 2.4V (Figure B)| 
S 3 = 0 , R 5 = 1 k, C 4 = 300pF 

43 

38 

ns 

S 3 = 0 , R 5 = 5k, C 4 = 45pF 

33 

28 

ns 
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SWITCHING TIME WAVEFORMS 
AND AC TEST CIRCUITS 


Am2948/2949 




Note: C-, includes test fixture capacitance. 


Figure A. Propagation Deiay from A Port to B Port or from B Port to A Port 



''cc 



Note: C 4 includes test fixture capacitance. Port input is in a fixed logical condition. See AC table. 


Figure B. Propagation Deiay to/from Three>State from R to A Port and T to B Port 


9 
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Metallization and Pad Layouts 


Am2948 


Am2949 


Vcc 

Aq 


A 2 

A 3 

A 4 

A5 

Ae 

A 7 


GND 



Bq 


B 2 

B 3 


VCC 

Aq 


Al 

A 2 

A 3 

A 4 

A 5 

Ae 

A7 

T 

GND 



19 Bq 


18 

17 B 2 
16 B 3 
15 B 4 
14 B 5 
13 Bg 

12 B7 

11 R 


DIE SIZE .069” X .089” 


DIE SIZE .069” X .089’ 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Am2948 
Order Number 

Am2949 
Order Number 

Package Type 
(Note 1) 

Operating 
(Note 2) 

Screening Level 
(Note 3) 

AM2948PC 

AM2949PC 

P-20-1 

C 

C-1 

AM2948DC 

AM2949DC 

D-20-1 

C 

C-1 

AM2948DC-B 

AM2949DC-B 

D-20-1 

C 

B-1 

AM2948DM 

AM2949DM 

D-20-1 

M 

C-3 

AM2948DM-B 

AM2949DM-B 

D-20-1 

M 

B-3 

\ Visual inspection 

AM2948XC 

AM2949XC 

Dice 

C 

i to MIL-STD-883 

I Method 201 OB. 


Notes: 

1 . P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. Where Appendix B 
contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C - 0 to 70“C, Vcc 4.75 to 5.25V, M = -55 to +125°C, Vcc = 4.50 to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 

4. 96 hour burn-in. 
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Am2950 • Am2950A 
Am2951 •Am2951A 

Eight-Bit Bidirectionai I/O Ports with Handshake 


DISTINCTIVE CHARACTERISTICS 

• Eight-Bit, Bidirectional I/O Port with Handshake - 

Two eight-bit, back-to-back registers store data moving in both 
directions between two bidirectional busses. 

• Register Full/Empty Flags - 

Ori-chip flag flip-flops provide data transfer handshaking 
signals. 

• Separate Clock, Clock Enable and Three-State Output Enable 
for Each Register. 

• Separate, Edge-Sensitive Clear Control for Each Flag 
Flip-Flop. 

• Inverting and Non-Inverting Versions - 

The Am2950 provides non-inverting data outputs. The 
Am2951 provides inverting data outputs. 

• 24mA Output Current Sink Capability. 

• Fast - 

The Am2950A and Am2951A will be 25 - 30% faster than the 
Am2950 and Am2951. 


Am2950 BLOCK DIAGRAM 



GENERAL DESCRIPTION 

The Am2950 and Am2951, members of Advanced Micro Devices 
Am2900 Family, are designed for use as parallel data I/O ports. 
Two eight-bit, back to back registers store data moving in both 
directions between two bidirectional, 3-state busses. On chip flag 
flip-flops, set automatically when a register is loaded, provide the 
handshaking signals required for demand-response data 
transfer. 

Considerable flexibility is designed into the Am2950 • Am2951. 
Separate clock, clock enable and three-state output enable sig¬ 
nals are provided for each register, and edge-sensitive clear 
inputs are provided for each flag flip-flop. A number of these 
circuits can be used for wider I/O ports. Both inverting and non-in- 
verting versions are available. 

Twenty-four mA output current sink capability, sufficient for most 
three-state busses, is provided by the Am2950 • Am2951. 

The Am2950A and Am2951A feature AMD’s ion-implanted 
micro-oxide (IMOX™) processing. They are plug-in replace¬ 
ments for the Am2950 and Am2951 respectively but will be ap¬ 
proximately 30% faster. 


Am2951 BLOCK DIAGRAM 



MPR-574 
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Am2950/50A/51/51A 


Am2950 


LOGIC SYMBOLS 


Am2951 


4 25 20 21 



4 25 20 21 



MPR-575 


MPR-576 


CONNECTION DIAGRAMS 
Top Views 



F-28-2 


CLRSi 4 
' FS I 5 
A 6 | 6 

A 7 I 7 
VCCQ; 8 
B 71 9 

B 6 l 10 

FRC 11 

CLRR 12 
B5[Z 13 
C 14 


26 ZJ AO 
25 I Seas 

24 I CPS, 

23 ^eis 
3 gnd 

]] CER 
20 I CPR 
19 ^□OEBR 
18 I BO 

17 I B1 

16 Z]B2 
15 IB3 


Note: Pin 1 is marked for orientation. 
Bi is inverted on Am2951. 



J OEAS 
D CPS 


Leadless Chip Carrier 
L-28-1 





MPR-585 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range and screening level. 


Am2950A 
Order Number 

(Note 5) 

Am2951A 
Order Number 

(Note 5) 

Am2950 
Order Number 

Am2951 
Order Number 

Package Type 

(Note 1) 

Operating Range 

(Note 2) 

Screening Level 

(Note 3) 

AM2950APC 

AM2951APC 

AM2950PC 

AM2951PC 

P-28 

C 

C-1 

AM2950ADC 

AM2951ADC 

AM2950DC 

AM2951DC 

D-28 

C 

C-1 

AM2950ADC-B 

AM2951ADC-B 

AM2950DC-B 

AM2951DC-B 

D-28 

C 

B-2 (Note 4) 

AM2950ADM 

AM2951ADM 

AM2950DM 

AM2951DM 

D-28 

M 

C-3 

AM2950ADM-B 

AM2951ADM-B 

AM2950DM-B 

AM2951DM-B 

D-28 

M 

B-3 

AM2950AFM 

AM2951AFM 

AM2950FM 

AM2951FM 

F-28^2 

M 

C-3 

AM2950AFM-B 

AM2950AFM-B 

AM2950FM-B 

AM2951FM-B 

F-28-2 

M 

B-3 

AM2950ALC 

AM2951ALC 

AM2950LC 

AM2951LC 

L-28 

C 

C-1 

AM2950ALM 

AM2951ALM 

AM2950LM 

AM2951LM 

L-28 

C 

C-3 

AM2950ALM-B 

AM2951ALM-B 

AM2950LM-B 

AM2951LM-B 

L-28 

M 

B-3 

AM2950AXC 

AM2951AXC 

AM2950XC 

AM2951XC , , 

Dice 

C 

\ Visual inspection 

1 4..^ Killl OTP\ OOO 

AM2950AXM 

AM2951AXM 

AM2950XM 

AM2951XM 

Dice 

M 

> to MIL-STD-883 
j Method 201 OB. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. Where 
Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C = 0 to +70°C, Vcc = 4.75 to 5.25V, M = ~55 to + 125X, Vcc = 4.50 to 5.50V. 

3. See Appendix A for details of screening. Levels €-1 and C-3 conform to MIL-STD-883, 

Class C. Level B-3 conforms to MIL-STD-883, Class B. 

4. 96 hour burn-in. 

5. When available. 
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Am2950/50A/51/51A 


REGISTER FUNCTION TABLE 
(Applies to R or S Register) 



Inputs 


Internal 


D 

CP 


Q 

Function 

X 

X 

H 

NC 

Hold Data 

L 

t 

L 

L 

Load Data 

H 

t 

L 

H 



OUTPUT CONTROL 



Internal 

Y-Outputs 


OE 

Q 

Am2950 

Am2951 

Function 

H 

X 

z 

z 

Disable Outputs 

L 

L 

L 

H 

Enable Outputs 

L 

H 

H 

L 


FLAG FLIP-FLOP FUNCTION TABLE 
(Applies to R or S Flag Flip-Flop) 


inputs 

F-Output 

Function 


CP 

CLR 

H 

X 

4 

NC 

Hold Flag 

X 

X 

t 

L 

Clear Flag 

L 

t 

4 

H 

Set Flag 


H = HIGH NC = NO CHANGE 

L = LOW t = LOW-to-HIGH Transition 

X = Don’t Care 4- = NO LOW-to-HIGH Transition 

2 = High Impedance 


DEFINITION OF FUNCTIONAL TERMS 

AO-7 Eight bidirectional lines carrying the R Register inputs or 
S Register outputs. 

BO-7 Eight bidirectional lines carrying the S Register inputs or 

R Register outputs. _ 

CPR The clock for the R Register and FR Flip-Flop. When CER 
is LOW, data is entered into the R Register and the FR 
Flip-Flop is set on the LOW to HIGH transition of the CPR 
_ signal. 

CER The Clock Enable for the R Register and FR Flip-Flop. 

When CER is LOW, data is entered into the R Register 
and the FR Flip-Flop is set^the LOW to HIGH transition 
of the CPR signal. When CER is HIGH, The R Register 
and FR Flip-Flop hold their contents, regardless of CPR 

_ signal transitions. _ 

OEBR The Output Enable for the R Register. When OEBR is 
LOW, The R Register thr^-state outputs are enabled 
onto the BO-7 lines. When OEBR is HIGH, the R Register 
outputs are in the high-impedance state. 

FR The FR Flip-Flop output. 


CLRR The clear control for the FR Flip-Flop. The FR Flip-Flop is 
cleared on the LOW to HIGH transition of CLRR signal. 
CPS The clock for the S Register and FS Flip-Flop. When CES 
is LOW, data is entered into the S Register and the FS 
Flip-Flop is set on the LOW to HIGH transtion of the CPS 
_ signal. 

CES The cl^ enable for the S Register and FS Flip-Flop. 

When CES is LOW, data is entered into the S Register 
and the FS Flip-Flop is s^n the LOW to HIGH transition 
of the CPS signal. When CES is HIGH, the S Register and 
FS Flip-Flop hold their contents, regardless of CPS signal 

_ transitions. _ 

OEAS The output enable for the S Register. When OEAS is 
LOW, the S Register three-state outputs are enabled onto 
the AO-7 lines. When OEAS is HIGH, the S Register 
outputs are in the high-impedance state. 

FS The FS Flip-Flop output. 

CLRS The clear control for the FS Flip-Flop. The FS Flip-Flop is 

cleared on the LOW to HIGH transition of CLRS signal. 



5-323 























Am2950/50A/51/51A 

MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°C to+150‘’C 

Temperature (Ambient) Under Bias 

-55°C to-M25°C 

Supply Voltage to Ground Potential Continuous 

-0.5V to -hT.oy 

DC Voltage Applied to Outputs for High Output State 

-0.5V to +VCC max. 

DC Input Voltage 

-0.5V to +5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

-30mA to + 5.0mA 


OPERATING RANGE 


Part Number 

Range 

Temperature 


VCC 

Am2950/51 PC, DC 

COM’L 

Ta = 0°C to -l-70°C 

VCC = 5.0V ±5% 

(MIN. = 4.75V, MAX. =5.25V) 

Am2950/51DM, FM 

MIL, 

TC = -55°C to +125°C 

VCC = 5.0V ±10% 

(MIN. = 4.50V, MAX. = 5.50V) 


Am2950, Am2951 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1 ) Min. (Note 2 ) Max. Units 


VOH 

Output HIGH Voltage 

VCC = MIN. 

VIN = VIH or VIL 

FR, FS 

lOH = -1mA 

2.4 

3.4 


Volts 

AO-7, BO-7 

MIL, lOH = -2mA 

2.4 

3.4 

. 

COM’L, lOH = -6.5mA 

2.4 

3.4 


VOL 

Output LOW Voltage 

VCC = MIN. 

VIN = VIH or VIL 

FR, FS 

lOL = 12mA 



0.5 

Volts 

AO-7, BO-7 

MIL IOL= 16mA 



0.5 

COM’L lOL = 24mA 



0.5 

VIH 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

VIL 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

VI 

Input Clamp Voltage 

VCC = MIN., IIN = -18mA 



-1.5 

Volts 

IIL 

Input LOW Current 

VCC = MAX., VIN = 0.5V 

AO-7, BO-7 



-250 

fxA 

CLRR, CLRS 



- 2.0 

mA 

Others 



-360 

(jlA 

IIH 

Input HIGH Current 

VCC = MAX., VIN = 2.7V 

AO-7, BO-7 



70 

aA 

CLRR, CLRS 



100 

Others 



20 

II 

Input HIGH Current 

VCC = MAX., VIN = 5.5V 



1.0 

mA 

10 

Output Off-state 

Leakage Current 

VCC = MAX. 

AO-7, BO-7 

VO = 2.4V 



70 

fxA 

VO = 0.4V 



-250 

ISC 

Output Short Circuit Current 
(Note 3) 

VCC = MAX. 

-30 


-85 

mA 

ICC 

Power Supply Current 
(Notes 4, 5) 



Ta = 25°C 


156 

263 

mA 

VCC = MAX. 

COM’L 

Ta = 0°Cto -h70°C 



275 

Ta=-h70°C 



228 

MIL 

Jc = -55°Cto +^25°C 



309 

Tc = +125°C 



202 


Notes: 1 . For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at VCC = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. ICC is measured with all inputs at 4.5V and all outputs open. 

5. Wprst case ICC is at minimum temperature. 
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Am2950/50A/51/51A 


Am2950A • Am2951A SWITCHING CHARACTERISTICS 

The tables below define the Am2950A • Am2951A switching characteristics. Tables A are setup and hold times relative to a clock 
LOW-to-HIGH transition. Tables B are propagational delays. Tables C are recovery times. Tables D are pulse-width requirements. 
Tables E are enable/disable times. All measurements are made at 1.5V with input levels at OV or 3V. All values are in ns with RL oh Ai 
and Bi = 2200, and RL on FS and FR = 300(1. CL = 50pF except output disable times which are specified at CL = 5pF. 


GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 

(Ta = 0 to +70°C, VCC = 4.75 to 5.25V, Cl = 50pF) 


A. Set-up and Hold Times. 


Input 

With 

Respect To 

ts 

th 

AO-7 

CPR J" 



BO-7 

CPS J” 




CPS J“ 




CPR J” 




B. Propagation Delays 


Input 

AO-7 

BO-7 

FS 

FR 

CPS 





CPR J" 





CLRS J~ 

- 1 


1 


CLRR J~ 






C. Recovery Times 


From 

To i 

tREC 

CLRS J 

CPSj" 


CLRR J 

cprJ" 



D. Pulse-Width Requirements 


Input 

Min. LOW 
Pulse Width 

Min. HIGH 
Width , 

CPS 

- 

_ — - - 

CPR 1 




1 — - -- 



'i. Eri^ble/Disable Times 



•Where two nu^ers ap^^r, ^1^ Aft»2lS^0A spec, the second is the Am2951 A spec. 


GUARANTI 


(Tc1 


ACTERISTICS OVER MILITARY OPERATING RANGE 

55 to -f 125°C, VCC = 4.5 to 5.5V. Cl = 50pF) 


A. M-i^.and Md Times. 


Input 

^With 
Respect To 

ts 

th 

AO-7 

CPR f 



BO-7 

CPS jr 



CES 

CPS J~ 



CER 

CPR _f , 

1 



B. Propagation Delays 


Input 

AO-7 

BO-7 

FS 

FR 

CPS jr 





CPR J~ 





CLRS 





CLRR J 






C. Recovery Times 


From 

— 

To 

tREC 

CLRS J" 

cpsJT 


CLRR J“ 

cprJ~ 



D. Pulse-Width Requirements E. Enable/Disable Times 


From 

To 

Disable 

Enable 

OEAS ^ 

AO-7 



OEBR 

BO-7 




Input 

Min. LOW 
Pulse Width 

Min. HIGH 
Pulse Width 

CPS 



CPR 



CLRS 



CLRR 




•Where two numbers appear, the first is the Am2950A spec, the second is the Am2951A spec. 
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Am2950 • Am2951 SWITCHING CHARACTERISTICS 

The tables below define the Am2950 • Am2951 switching characteristics. Tables A are set-up and hold times relative to a clock 
LOW-to-HIGH transition. Tables B are propagational delays. Tables C are recovery times. Tables D are pulse-width requirements. 
Tables E are enable/disable times. All measurements are made at 1,5V with input levels at OV or 3V. All values are in ns with RL on 
Ai and Bi = 220(1 and RL on FS and FR = 300(1. CL = 50pF except output disable times which are specified at CL = 5pF. 


GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 

(Ta = 0 to +70°C, VCC = 4.75 to 5.25V, Cl = 50pF) 

A. Set-up and Hold Times. B. Propagation Delays C. Recovery Times 


Input 

AO-7 

BO-7 

FS 

FR 

CPS J" 

*30/26 

- 

20 

- 

CPR J" 

- 

*30/26 

- 

20 

CLRS J" 


- 

22 

- 

CLRR J~ 

- 

- 

- 

22 


Input 

With 

Respect To 

ts 

th 

AO-7 

CPR J~ 

7 

5 

BO-7 

CPS J“ I 

7 

5 


CPS J“ 

*19/15 

4 

CER 

CPR jf 

*19/15 

4 


From 

To 

tREC 

CLRSjr 

CPSj“ 

31 

clrrJ" 

CPR_f 

31 


D. Pulse-Width Requirements 


Input 

Min. LOW 
Pulse Width 

Min. HIGH 
Pulse Width 

CPS 

20 

20 

CPR 

20 

20 

CLRS 

20 

20 

CLRR 

20 

20 


E. Enable/Disable Times 


From 

To 

Disable 

Enable 

OEAS 

AO-7 

22 

27 

OEBR 

BO-7 

22 

27 


*vyhere two numbers appear, the first is the Am2950 spec, the second is the Am2951 spec 


GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 

(Tc = -55 to +125°C, VCC = 4.5 to 5.5V, Cl = 50pF) 

A. Set-up and Hold Times. B. Propagation Delays C. Recovery Times 


Input 

With 

Respect To 

■ ts 

th 

AO-7 

CPR J“ 

11 

8 

BO-7 

CPS jf 

11 

8 

CES 

CPS J" 

*20/15 

4 

CER 

CPR 

*20/15 

4 


Input 

AO-7 

BO-7 

FS 

FR 

CPS J, 

*35/28 

- 

20 

- 

CPR J" 

- 

*35/28 

- 

20 

CLRS J" 


- 

22 

- 

clrrJ" 


- 

- 

22 


From 

To 

tREC 

CLRSj" 

CPSj" 

34 

clrrJ" 

cprJ" 

34 


D. Pulse-Width Requirements 


Input 

Min. LOW 
Pulse Width 

Min. HIGH 
Pulse Width 

CPS 

20 

20 

CPR 

20 

20 

CLRS 

20 

20 

CLRR 

20 

20 


E. Enabie/Disable Times 


From 

To 

Disable 

Enable 

OEAS 

AO-7 

24 

28 

OEBR 

BO-7 

24 

28 


*Where two numbers appear, the first is the Am2950 spec, the second is the Am2951 spec 
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Am2950/50A/51/51A 


TEST OUTPUT LOAD CONFIGURATIONS FOR Am2950/2951 


A. THREE-STATE OUTPUTS 

Vcc 



5.0 - Vbe - Vql 
^ lOL + Vol/1K 


B. NORMAL OUTPUTS 

Vcc 



'oh 

^ ^ 5.0 - Vbe - Vql 

'oL + Vot/Ra 


Notes: 1. Ci_ = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 

2. Si, S 2 , S 3 are closed during function tests and all AC tests except output enable tests. 

3. S-i and S 3 are closed while S 2 is open for tpzH test. 

Si and S 2 are closed while S 3 is open for tpzi_ test. 

4. Cl = 5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am2950/2951 (DIP) 


Pin# 

(DIP) 

Pin Label 

Test 

Circuit 

Ri 

R2 

- 

Ao-7 

A 

220 

IK 

- 

Bo-7 

A 

220 

1K 

5 

FS 

B 

300 

2.4K 

11 

__j 

B 

300 

2.4K 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1 . Insure the part is adequately decoupled at the test head. 
Large changes in Vqq current as the device switches may 
cause erroneous function failures due to Vcc changes. 

2 . Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground 
cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 


4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
ViL ^ 0.4V and V|h ^ 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6 . To assist in testing, AMD offers complete documentation 
on our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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APPLICATIONS 

The Am2950 • Am2951 provides data transfer handshaking sig¬ 
nals as well as eight-bit, bidirectional data storage. Its flexibility 
allows it tp be used in any type of computer system, including 
Am2900, 8080, 8085, 8086, Z80, and Z8000 systems. 

Figure 1 shows an Am2950 used to store data moving in both 
directions between a bidirectional system data bus and a bidirec¬ 


tional peripheral data bus. The on-chip Flag flip-flops provide the 
data in, data out handshaking signals required for data transfer 
and interrupt request generation. 

Figure 2 shows a multiple I/O port system using Am2950’s. Two 
Am2950’s are used at each port to interface the 16-bit system 
data bus. The Am2950 flags are used to generate I/O interrupt 
requests. 


SEND NEW DATA 


CLOCK 

CLOCK 

ENABLE 



OUTPUT 

ENABLE 


DATA 

READY 


DATA TAKEN 



DATA READY 


DATA TAKEN 
OUTPUT ENABLE 



CLOCK ENABLE 
SEND NEW DATA 


CLOCK 


PERIPHERAL 


SYSTEM 


Figure 1. A Bidirectional I/O Port with Handshaking Using the Am2950. 


MPR-578 



I/O I/O I/O I/O 

PORT 0 PORT 1 PORT 2 PORT 3 


I/O 

PORT 4 


Figure 2. Multiple I/O Port System. 
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Ann2952 • Am2952A 
Am2953 • Am2953A 

Eight-Bit Bidirectional I/O Ports 


DISTINCTIVE CHARACTERISTICS 

• Eight-Bit, Bidirectional I/O Port 

Two eight-bit, back-to-back registers store data moving in both 
directions between two bidirectional busses. 

• Separate Clock, Clock Enable and Three-State Output Enable 
for Each Register. 

• Inverting and Non-Inverting Versions - 

The Am2952 provides non-inverting data ouputs. The Am2953 
provides inverting data outputs. 

• 24mA Output Current Sink Capability. 

• 24-Pin Slim Package 

• Fast- 

The Am2952A and Am2953A will be 25-30% faster than the 
Am2952 and Am2953. 


Am2952 BLOCK DIAGRAM 


CPr 



M PR-804 


GENERAL DESCRIPTION 

The Am2952 and Am2953, members of Advanced Micro Devices 
Am2900 Family, are designed for use as parallel data I/O ports. 
Two eight-bit, back to back registers store data moving in both 
directions between two bidirectional, 3-state busses. 
Considerable flexibility is designed into the Am2952 • Am2953. 
Separate clock, clock enable and three-state output enable sig¬ 
nals are provided for each register. A number of these circuits can 
be used for wider I/O ports. Both inverting and non-inverting 
versions are available. 

Twenty-four mA output current sink capability, sufficient for most 
three-state busses, is provided by the Am2952 • Am2953. 

The Am2952A and Am2953A feature AMD’s ion-implanted 
micro-oxide (IMOX^”) processing. They are plug-in replace¬ 
ments for the Am2950 and Am2951 respectively but will be ap¬ 
proximately 30% faster. 


Am2953 BLOCK DIAGRAM 


CPr 



IVlPR-805 
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Am2952/52A/53/53A 


LOGIC SYMBOLS 


Am2952 


15 10 11 



MPR-806 


Am2953 


15 10 11 



MPR-807 


CONNECTION DIAGRAM 
Top View 
D-24 



Note; Pin 1 is marked for orientation. 

Bj is inverted on Am2953. mpr -808 


ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Am2952A 
Order Number 

(Note 5) 

Am2953A 
Order Number 

(Note 5) 

Am2952 
Order Number 

Am2953 
Order Number 

Package Type 

(Note 1) 

Operating Range 

" (Note 2) 

Screening Level 

(Note 3) 

AM2952ADC 

AM2952ADC-B 

AM2952ADM 

AM2952ADM-B 

AM2952AXC 

AM2952AXM 

AM2953ADC 

AM2953ADC-B 

AM2953ADM 

AM2953ADM-B 

AM2953AXC 

AM2953AXM 

AM2952DC 

AM2952DC-B 

AM2952DM 

AM2952DM-B 

AM2952XC 

AM2952XM 

AM2953DC 

AM2953DC-B 

AM2953DM 

AM2953DM-B 

AM2953XC 

AM2953XM 

D-24 

D-24 

D-24 

D-24 

Dice 

Dice 

C 

C 

M 

M 

C 

M 

C-1 

B-2 (Note 4) 

C-3 

B-3 

\ Visual inspection 
\ to MIL-STD-883 
) Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. Where 
Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C = 0 to 70“C, Vcc = 4.75 to 5.25V, M = -55 to +125°C, Vqc = 4.50 to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 

4. 96 hour burn-in. 

5. When available. 
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Am2952/52A/53/53A 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°C to+150°C 

Temperature (Ambient) Under Bias 

-55°C to +125°C 

Supply Voltage to Ground Potential Continuous 

-0.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5V to +VCC max. 

DC Input Voltage 

-0.5V to +5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

-30mA to + 5.0mA 


OPERATING RANGE 


Part Number 

Range 

Temperature 


Vcc 

Am2952/53DC 

COM’L 

Ta = 0 to +70°C 

Vcc = 5.bV ±5% 

(MIN = 4.75V, MAX = 5.25V) 

Am2952/53DM 

MIL 

Tc = -55 to +125°C 

Vcc = 5.0V ±10% 

(MIN = 4.50V, MAX = 5.50V) 


Am2952, Am2953 

DC CHARACTERISTICS OVER OPERATING RANGE 

Typ. 


Parameters 

Description 


Test Conditions (Note 1) 

Min 

(Note 2) 

Max 

Units 

Vqh 

Output HIGH Voltage 

Vcc = MIN 


Ao-7. Bo-7 

MIL, Iqh = -2mA 

2.4 

3.4 


Volts 

ViN = ViH or V|L 

COM’L, Iql = -6.5mA 

2.4 

3.4 


Vql 

Output LOW Voltage 

Vcc = min 


Ao-7> Bo-7 

MIL, Iql = 16mA 



0.5 

Volts 

V|N = V,H or V,L 

COM’L, Iql = 24mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for ail inputs 


2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 




0.8 

Volts 

Vi 

Input Clamp Voltage 

Vcc = min, I,n = - 

-18mA 




-1.5 

Volts 


Input LOW Current 



0.5V 

Ao-7. Bo-7 



-250 


ML 


Others 



-360 

/xA 

l|H 

Input HIGH Current 



2.7V 

6 

< 



70 

/xA 

VCC - 'V'/A/\, V||V| - 

Others 



20 

ll 

Input HIGH Current 

Vcc = max, V,n = 

5.5V 




1.0 

mA 

•o 

Output Off-state 

Vcc = max 

_ 

Ao-7. Bo-7 

Vo = 2.4V 



70 

fxA 

Leakage Current 

Vq = 0.4V 



-250 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 


-30 


-85 

mA 






Ta = 25°C 


156 

263 



Power Supply Current 
(Notes 4, 5) 




Ta = 0 to -L70°C 



275 


■cc 

Vcc = max 

L/UM L 

Ta = -^70°C 



228 

mA 



MIL 


Tc = -55 to -f 125°C 



309 







Tc = +125°C 



202 



Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Icc is measured with ail inputs at 4.5V and all outputs open. 

5. Worst case Icc is at minimum temperature. 









Am2952/52A/53/53A 


Am2952A • Am2953A SWITCHING CHARACTERISTICS 

The tables below define the Am2952A • Am2953A switching characteristics. Tabies A are setup and hold times relative to a clock 
LOW-to-HIGH transition. Tables B are propagational delays. Tables C are pulse-width requirements. Tables D are enable/disable 
times. All measurements are made at 1.5V with input levels at OV or 3V. All values are in ns with Rl on Aj and Bj = 220ft and Rl on 
FS and FR = 300ft. Cl = 50pF except output disable times which are specified at Cl = 5pF. 


GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 

(Ta = 0 to +70°C, Vcc = 4.75 to 5.25V, Cl = 50pF) 


A. Set-up and Hold Times 


Input 

With 

Respect to 

ts 

th 

Ao-7 _f 

CPR 



^0-7 jF 

CPS 




CPS 



CER _f 1 

CPR 




B. Propagation Delays 


Input 

Ao-7 

Bo-7 

CPS _f 



CPR J" 




C. Pulse-Width Requirements 


D. Enah 


Input 

Min. LOW 
Pulse Width 

Min. HIGH 
Pulse Width 








From 1 

mmm 

W Enable 

ILH 

i 


■^1 

W 

®0-7 

HHHi 


Where two numbers ^ear, the HrgS is Am^52A spec, the second is the Am2953A spec. 



GUARANTEED Cl 


ICS OVER MILITARY OPERATING RANGE 

'125°C, Vcc = 4.5 to 5.5V, Cl = 50pF) 

B. Propagation Delays 


Input j Respect to 

ts 

th 

Ao-7 S 

CPR 



Bo-7 S 

CPS 



CES J~ 

CPS 



^R J~ 

CPR 




Input 

Ao-7 

Bo-7 

CPS J" 



CPR _f 




C. Pulse-Width Requirements D. Enable/Disable times 


input 

Min. LOW 
Pulse Width 

Min. HIGH 
Pulse Width 

CPS 



CPR 




From 

To 

Disable 

Enable 

^AS 

Ao-7 



^BR 

Bo-7 




*Where two numbers appear, the first is the Am2952A spec, the second is the Am2953A spec. 
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*Where two numbers appear, the first is the Am2952 spec, the second is the Am2953 spec 


GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 

(Tc = -55 to + 125°C, Vcc = 4.5 to 5.5V, Cl = 50pF) 


A. Set-up and Hold Times B. Propagation Delays 



C. Pulse-Width Requirements 

Min. LOW Min. HIGH 
Input Pulse Width Pulse Width 

CPS 20 20 

CPR 20 20 

•Where two numbers appear, the first is the Am2952 spec, the second is the Am2953 spec 

__ 


D. Enable/Disable Times 


From 

To 

Disable 

Enable 

OEAS 

Ao-7 

24 

28 

OEBR 

Bo-7 

24 

28 





Am2952/52A/53/53A 


REGISTER FUNCTION TABLE 
(Applies to R or S Register) 


Inputs 

Internal 


D 

CP 

CE 

Q 

Function 

X 

X 

H 


Hold Data 

L 

H 

t 

L 


Load Data 

t 

L 




OUTPUT CONTROL 



Internal 

Y-Outputs 


OE 

Q 

Am2950 

Am2951 

Function 

D 

X 


z 

Disable Outputs 

n 

■■■IH 


H 


H 



L 

Enable Outputs 


DEFINITION OF FUNCTIONAL TERMS 

AO-7 Eight bidirectional lines carrying the R Register inputs or 
S Register outputs, 

BO-7 Eight bidirectional lines carrying the S Register inputs or 

R Register outputs. _ 

CPR the clock for the R Register. When CER Is LOW, data is 
entered into the R Register on the LOW to HIGH transition 

_ of the CPR signal. _ 

CER The Clock Enable for the R Register. When CER is LOW, 
data is entered into the R Register on the LOW to HIGH 
transition of the CPR signal. When CER Is HIGH, the R 
Register holds its contents, regardless of CPR signal 

_ transitions. _ 

OEBR The Output Enable for the R Register. When OEBR is 
LOW, The R Register three-state outputs are enabled 


onto the BO-7 lines. When OEBR is HIGH, the R Register 
outputs,are in the high-impedance state. 

CPS The clock for the S Register. When CES is LOW, data is 
entered into the S Register on the LOW to HIGH transition 

_ of the CPS signal. _ 

CES The clock enable for the S Register. When CES is LOW, 
data Is entered into the S Register onjhe LOW to HIGH 
transition of the CPS signal. When CES is HIGH, the S 
Register holds its contents, regardless of CPS signal 

_ transitions. _ 

OEAS The output enable for the S Register. When OEAS is 
LOW, the S Register three-state outputs are enabled onto 
the AO-7 lines. When OEAS is HIGH, the S Register 
outputs are In the high-impedance state. 


METALLIZATION AND PAD LAYOUT 


21 20 19 18 17 16 15 



3 4 5 6 7 8 


DIE SIZE 0.107” X 0.138” 
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Am2952/52A/53/53A 


TEST OUTPUT LOAD CONFIGURATIONS FOR Am2952/Am2953 


A. THREE-STATE OUTPUTS 


B. NORMAL OUTPUTS 


Vcc 



Vcc 



•oh 


Rl = 


5.0 - Vbe - Vql 
•OL + Vol/1K 


5.0 - Vbe - VoL 
•OL + V 0 L/R 2 


Notes: 1. Cl = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 

2. Si, S 2 , S 3 are closed during function tests and all AC tests except output enable tests. 

3. Si and S 3 are closed while S 2 is open for tpzH test. 

Si and S 2 are closed while S 3 is open for tpzL test. 

4. Cl = 5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am2952/2953 


Pin # 
(DIP) 

Pin Label 

Test 

Circuit 

Rl 

R2 


Ao-7 

A 

220 

1K 


^0-7 

A 

220 

IK 


For additional information on testing, see section 
“Guidelines on Testing Am2900 Family Devices.” 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
cause erroneous function failures due to Vcc changes. 

2 . Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground 
cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 


4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach Vil 
or V|H until the noise has settled. AMD recommends using 
Vil < 0.4V and V|h ^ 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6 . To assist in testing, AMD offers complete documentation 
on our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Am2954 • Am2955 

Octal Registers with Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 

• Eight-bit, high-speed parallel registers 

• Am2954 has non-inverting Inputs 

• Am2955 has inverting inputs 

• Positive, edge-triggered, D-type flip-flops 

• Buffered common clock and buffered common three-state 
control 

• VoL = 0.5V (max) at Iql 32mA 

• High-speed - Clock to output 11 ns typical 


RELATED PRODUCTS 
Part No. Description 


FUNCTIONAL DESCRIPTION 

The Am2954 and Am2955 are 8-bit registers built using high¬ 
speed Schottky technology. The registers consist of eight D-type 
flip-flops with a buffered common clock ^ a buffered 3-state 
output control. When the output enable (OE) input is LOW, the 
eight outputs are enabled. When the OE input is HIGH, the 
outputs are in the 3-state condition. 

Input data meeting the set-up and hold time requirements of the 
D inputs is transferred to the Y outputs on the LOW-to-HIGH 
transition of the clock input. 

The devices are packaged in a space-saving (0.3-inch row 
spacing) 20-pin package. 


Am29821-26 8, 9,10-Bit Registers 

Am2918 Quad D-Register 

Arn2920 Quad D-Type Flip-Flop 


LOGIC DIAGRAM 
Am2954 


CP 

CLOCK 


OUTPUT 

ENABLE 


->o 


->o 




CP D I I CP D 


n n ff 




Inputs Dq through Dj are inverted on the Am2955. 


BLI-110 


LOGIC SYMBOLS 


BLl-112 


3 4 7 8 13 14 17 18 



3 4 7 8 13 14 17 18 





Do D 2 D 3 D 4 D 5 De Dy 

11 — 

CP 


Am2955 

1 — 

of 


Yo Y, Y 2 Y 3 Y 4 Y 5 Ye Yy 


2 5 6 9 12 15 16 19 


Vcc = Pin 20 
GND = Pin 10 
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Am2954/2955 


CONNECTION DIAGRAMS 
Top Views 


D-20, P-20 


Leadless Chip Carrier 
L-20-1 


Vcc Yy Dj Dg Yg Yg Ds D4 Y4 CP 


n n n n n n n n_n n 


20 19 18 17 16 15 

14 13 12 

11 

) Am2954 



• 

1 2 3 4 5 6 

7 8 9 

10 

uuuuuuuuuu 

OE Yo Do Di Yi Yg D2 D3 Y3 GND 

Vcc Yr D7 Dg Yg Yg 

n n n n n n 

Dg D4 Y4 

n n n 

CP 

n 

1 20 19 18 17 16 15 

14 13 12 

11 ' 

J Am2955 



• 

1 2 3 4 5 6 

7 8 9 

10 


LJUUULIUUPIJ'LJ 

OE Yq Do Di Yi Y 2 D2 D3 Y3 GND 




BLI-111 


F-20 pin configuration identical to D-20, P-20. 
Note; Pin 1 is marked for orientation. 


ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

Am2954 Am2955 Package Type Operating Range Screening Level 


Order Number Order Number (Notet) (Note 2) (Note 3) 


AM2954PC 

AM2955PC 

P-20 

C 

C-1 

AM2954DC 

AM2955DC 

D-20 

C 

C-1 

AM2954DC-B 

AM2955DC-B 

D-20 

C 

B-1 

AM2954DM 

AM2955DM 

D-20 

M 

C-3 

AM2954DM-B 

AM2955DM-B 

D-20 

M 

B-3 

AM2954FM 

AM2955FM 

P^-20 

M 

C-3 

AM2954FM-B 

AM2955FM-B 

F-20 

M 

B-3 

AM2954LC 

AM2955LC 

L-20-1 

C 

C-1 

AM2954LC-B 

AM2955LC-B 

L-20-1 

C 

B-1 

AM2954LM 

AM2955LM 

L-20-1 

M 

C-3 

AM2954LM-B 

AM2955LM-B 

L-20-1 

M 

B-3 

AM2954XC 

AM2955XC 

Dice 

C 

\ Visual inspection 

AM2954XM 

AM2955XM 

Dice 

M 

> to MIL-STD-883 
j Method 201 OB. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, L = Chip-Pak, F = Flat-Pak. Number following letter is number 

of leads. See Appendix B for detailed outline. Where Appendix B contains several dash numbers, any of 
the variations of the package may be used unless otherwise specified. 

2. C = 0 to -H70°C, Vcc = 4.75 to 5.25V, M = -55 to + 125°C, Vcc = 4.50 to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Levels 
B-3 conform to MIL-STD-883, Class B. 
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Am2954/2955 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

Am2954XC, DC, PC Am2955XC, DC, PC = 0 to 70°C Vqc = 4.75 to 5.25V 

Am2954XM, DM, FM Am2955XM, DM, FM Tq = -55 to +125°C Vcc = 4.50 to 5.50V 


DC CHARACTERISTICS OVER OPERATING RANGE 


Typ 

Parameters Description Test Conditions (Note 1 ) Min (Note 2 ) Max Units 


VOH 

Output HIGH Voltage 

Vcc = min 

V,N = V|HorV,L 

MIL, Iqh = -2.0mA 

2.4 

3.4 


Volts 

COM’L, Iqh = -6.5mA 

2.4 

3.1 


VoL 

Output LOW Voltage 

> 

" 1! 

Iql — 20mA 



.45 

Volts 

bi — 32mA 



.5 

V.H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V,L 

_ 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

V, 

Input Clamp Voltage 

Vcc = min, I|n = -18mA 



- 1.2 

Volts 

I.L 

Input LOW Current 

Vcc = MAX, V|N = 0.5V 



-250 

fiA 

l|H 

Input HIGH Current 

Vcc = max, V,n = 2.7V 



50 

/xA 

l| 

Input HIGH Current 

Vcc = max, V,n = 5.5V 



1.0 

mA 

bz 

Off-State (High-Impedance) 
Output Current 

Vcc = max 

Vo = 0,5V 



-50 

fxA 

Vo = 2.4V 



50 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

-40 


-100 

mA 

be 

Power Supply Current 
(Note 4) 

— 

Vcc = max 


90 

140 

mA 


Notes: 1. For conditions shown as MIN or MAX use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2 . Typical limits are at Vcc “ 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Am2954 measured at CLK = LOW-to-HIGH, OE = HIGH, and all data inputs are LOW. 

Am2955 measured at CLK = LOW-to-HIGH, OE = HIGH, and all data inputs are LOW. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65 to -f-150°C 

Temperature (Ambient) Under Bias 

-55to +125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

-0.5 to +7.0V 

DC Voltage Applied to Outputs for HIGH Output State 

-0.5V to +Vcc niax 

DC Input Voltage 

-0.5 to -f 5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

-30 to -L 5.0mA 


DEFINITION OF FUNCTIONAL TERMS 

Dj The D flip-flop data inputs (Am2954, non-inverting). 

DJ The D flip-flop data inputs (Am2955, inverting). 

CP Clock Pulse for the register. Enters data on the LOW-to- 
HIGH transition. 

Yj The register three-state outputs (Am2954, non-inverting). 

OE Output Control. An active-LOW three-state control used to 
enable the outputs. A HIGH level input forces the outputs 
to the high impedance (off) state. 


FUNCTION TABLE 



Inputs 1 

Internal 

Outputs 

Function 

OE 

Clock 

Anft2954 D; 

Am2955 Dj 

Qi 

Yi 

Hi-2 

H 

L 

X 

X 

NC 

Z 

H 

H 

X 

X 

NC 

z 


L 

t 

L 

H 

L 

L 

LOAD 

L 

t 

H 

L 

H 

H 

REGISTER 

H 

t 

L 

H 

L 

Z 


H 

t 

H 

L 

H 

z 


H = HIGH NC-No Change 

L = LOW Z == High Impedance 

X = Don’t Care t = LOW-to-HIGH transition 
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SWITCHING CHARACTERISTICS 

(Ta = 25°C, Vcc = 5.0V) 


Am2954/2955 


Parameters Description 

Am2954 • Am2955 

Min Typ Max 

Units Test Conditions 

Wh 

Clock to Output, Yj 


8 

15 

ns 

Cl = 15pF 

Rl = 280a 

tpHL 


11 

17 

ns 

tzH 

OE to Yi 


8 

15 

ns 

tzL 


11 

18 

ns 

tHZ 

OEto Yj 


5 

9 

ns 

Gl = 5pF 

Rl = 280n 

tLZ 


7 

12 

ns 

tpw 

Clock Pulse Width 

HIGH 

6 



ns 

Cl = 15pF 

Rl = 280D 

LOW 

7.3 



ns ! 

ts 

Data to Clock 

5 



ns 


2 



ns 

f 

•max I 

Maximum Clock Frequency (Note 1) 

75 

100 


MHz 


Note: 1. Per industry convention, f^ax 'S the worst case value of the maximum device operating frequency with no constraints on tr, tf, pulse width or 
duty cycle. 


METALLIZATION AND PAD LAYOUTS 


Am2954 


Am2955 


6e 1 
Yo 2 


Do 3 
Di 4 

Yi 5 
Y 2 6 

Dj 7 
Da 8 


Yg 9 
GND 10 



D 7 

De 

Ye 

Ys 

D 5 

D 4 


Y 4 

CP 



DIE SIZE 0.085" X 0.110" 
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Atii2954/2955 


APPLICATION 


INCOMING DATA BUS 



Dual 16-word by 16-bit non-inverting high-speed data buffer. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 

BLI-114 
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Am2956 • Ann2957 

Octal Latches with Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 

• 8-bit, high-speed parallel latches 

• Am2956 has non-inverting inputs 

• Am2957 has inverting inputs 

• Vql = 0.5V (max) at Iql = 32mA 

• Hysteresis on latch enable input for improved noise margin 

• 3-state outputs interface directly with bus organized 
systems 


RELATED PRODUCTS 

Part No. Description 


Am29841-46 


8,9,10-Bit Latches 


FUNCTIONAL DESCRIPTION 

The Am2956 and Am2957 are octal latches with 3-state outputs 
for bus organized system applications. The latches appear to be 
transparent to the data (data changes asynchronously) when 
latch enable, G, is HIGH. When G is LOW, the data that meets the 
set-up times is latched. Data appears on the bus when the output 
enable, OE, is LOW. When OE is HIGH the bus output is in the 
high-impedance state. 

The Am2956 presents non-inverted data at the outputs while the 
Am2957 is inverting. 

The devices are packaged in a space-saving (0.3-inch row 
spacing) 20-pin package. 


LOGIC DIAGRAM 
Am2956 


LATCH 

ENABLE 



Inputs Dq through Dy are inverted on the Am2957. 


LOGIC SYMBOLS 


3 4 7 8 13 14 17 18 


M 


3 4 7 8 13 14 17 18 


LL 



□o Di D2 D3 D4 D5 De Dy 


Dq Di D2 D3 D4 Dg Dg Dy 

11- 

G 

11 - 

G 


Am29S6 


Am2957 

1 — 

OE 

1 - 

OE 


Yo Yi Y2 Y3 Y4 Yg Ye Yj 


Vo Yi Y2 Y3 Y4 Yg Ye Yy 

BLl-142 

1 M I I I I I 

2 5 6 9 12 15 16 19 

BLI-143 

1 1 1 1 1 1 1 1 

2 5 6 9 12 15 16 19 


Vcc = Pin 20 
GND = Pin 10 


Copyright © 1980 by Advanced Micro Devices, Inc. 
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Ani2956/2957 


D-20, P-20 

Vcc Y 7 Dy De Ye Ye D 5 D 4 Y 4 G 

nnnnnnnnnn 



■■■[J’D nTJT]'"[JTJ"’[TD'TT' 

OE Yq Do Di Yi Y2 Da D3 Y3 GND 


Vcc Y7 D7 De Ye Ye D5 D4 Y4 G 

nnnnnnnnnn 

20 19 18 17 16 15 14 13 12 11 


; 7 8 9 10 

□'u u'u.u '□■■■■□ "n 


CONNECTION DIAGRAMS 
Top Views 


Leadless Chip Carrier 
L-20-1 


IS >“ 



OE Yo Do Di 


Y2 D2 


F-20 pin configuration identical to D-20, P-20. 
Note: Pin 1 is marked for orientation. 


ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 


Am2956 

Order Number 

Am2957 
Order Number 

Package Type 

(Note1) 

Operating Range 

(Note 2) 

Screening Level 

(Note 3) 

AM2956PC 

AM2957PC 

P-20 

C 

C-1 

AM2956DC 

AM2957DC 

D-20 

C 

C-1 

AM2956DCB 

AM2957DCB 

D-20 

C 

B-1 

AM2956DM 

AM2957DM 

D-20 

M 

C-3 

AM2956DMB 

AM2957DMB 

D-20 

M 

B-3 

AM2956FM 

AM2957FM 

F-20 

M 

C-3 

AM2956FMB 

AM2957FMB 

F-20 

M 

B-3 

AM2956LC 

AM2957LC 

L-20-1 

C 

C-1 

AM2956LCB 

AM2957LCB 

L-20-1 

C 

B-1 

AM2956LM 

AM2957LM 

L-20-1 

M 

C-3 

AM2956LMB 

AM2957LMB 

L-20-1 

M 

B-3 

AM2956XC 

AM2957XC 

Dice 

C 

\ Visual inspection 

AM2956XM 

AM2957XM 

Dice 

M 

\ to MIL-STD-883 

J Method 201 OB. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, L = Chip-Pak, F = Flat-Pak. Number following letter is number 
of leads. 

2. C = 0 to -t-70°C, Vcc = 4.75 to 5.25V, M = -55 to +125°C, Vcc = 4.50 to 5.50V. 

3. See standard AMD Product Assurance Brochures for details of screening. Levels C-1 and C-3 conform to 
MIL-STD-883, Class C. Levels B-3 conform to MIL-STD-883, Class B. 
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Am2956/2957 


ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified; 

Am2956/2957XC, DC, PC Ta = 0 to 70°C Vcc = 4.75 to 5.25V 

Am2956/2957XM, DM Ta = -55 to +125°C Vcc = 4.50 to 5.50V 

Am2956/2957FM Tc = -55 to +125°C Vcc = 4.50 to 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 


Typ 

Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units 


Vqh 

Output HIGH Voltage 

Vcc = min 

V,N = V,HOrV,L 

MIL, loH = -2.0mA 

2.4 

3.4 


Volts 

COM’L, Iqh = -6.5mA 

2.4 

3.1 


VoL 

Output LOW Voltage 

Vcc = min 

V|N = V|H or V|L . 

Iql = 20mA 



.45 

Volts 

Iql = 32mA 



.5 

V,H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min, I|n = -18mA 



-1.2 

Volts 

•iL 

Input LOW Current 

Vcc = max, V|n = 0.5V 



-250 

|X^ 

l|H 

Input HIGH Current 

Vcc = max, V,n = 2.7V 



50 

/liA 

l| 

Input HIGH Current 

Vcc = max, V,n = 5.5V 



TO 

mA 

•oz 

Off-State (High-Impedance) 
Output Current 

Vcc = max 

Vq = 0.5V 



-50 

^A 

Vo = 2.4V 



50 

*sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

-40 


-100 

mA 

•cc 

Power Supply Current 
(Note 4) 

2956 

Vcc = max 


105 

160 

mA 

2957 


110 

168 


Notes: 1. For conditions shown as MIN or MAX use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Inputs grounded; outputs open. 



MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65to+150"C 

Temperature (Ambient) Under Bias 

-55 to-h125‘’C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

-0.5 to -h7.0V 

DC Voltage Applied to Outputs for HIGH Output State 

-0.5V to +Vcc max 

DC Input Voltage 

-0.5 to -h5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

-30 to -i-5.0mA 
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Am2956/2957 

Am2956 

SWITCHING CHARACTERISTICS 

(Ta = +25°C, Vcc = 5.0V) 


Parameters 

Description 

Min 

Typ 

Max 

Units 

Test Conditions 

fpLH 

Enable to Output 


7 

14 

ns 

’ 

fpHL 


12 

18 

ns 


fpLH 

Data Input to Output 


5 

9 

ns 


fpHL 


9 

13 

ns 


ts(H) 

HIGH Data to Enable 

0 



ns 


ts(L) 

LOW Data to Enable 

0 



ns 

Cu = 15pF 

th(H) 

HIGH Data to Enable 

10 



ns 

Rl = 28oa 

th(L) 

LOW Data to Enable 

10 



ns 


Wh 

Enable Pulse Width 

6 



ns 


Wl 

7.3 



ns 


tZH 

OEtoYj 1 

. 

' 

8 

15 

ns 


tZL 


11 

18 

ns 


tHZ 

OEtoYj j 


6 

9 

ns 

Cl = 5pF 

tLZ 


8 

12 

ns 

Rl = 28on 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


FUNCTION TABLES 


Am2956 


Inputs 

Internal 

Outputs 

Function 

OE 

G 

Di 

Q| 

Yj 

H 

X 

X 

X 

z 

Hi-Z 

L 

H 

L 

H 

L 

Transparent 

L 

H 

H 

L 

H 

L 

L 

X 

NC 

NC 

Latched 


Am2957 


Inputs 

Internal 

Outputs 

Function 


G 

Di 

Qi 

Yi 


H ' 

X 

X 

X 

z 

Hi-Z 

L 

H 

L 

H 

H 

T ransparent 

L 

H 

H 

L 

L 

L 

L 

X 

NC 

NC 

Latched 


H = HIGH NC = No Change 

L = LOW Z = High Impedance 

X = Don't Care 


DEFINITION OF FUNCTIONAL TERMS 


Am2956 

Dj The latch data inputs. 

G The latch enable input. The latches are transparent when G 
Is HIGH. Input data is latched on the HIGH-to-LOW 
transition. 

Yj The 3-state latch outputs. 

OE The output enable control. When OE is LOW, the outputs Yj 
are enabled. When OE is HIGH, the outputs Yj are in the 
high-impedance (off) state. 


Am2957 

The latch inverting data inputs. 

G The latch enable Input. The latches are transparent when G 
Is HIGH. Input data is latched on the HIGH-to-LOW 
transition. 

Yj The 3-state latch outputs. 

OE The output enable control. When OE is LOW, the inverted 
outputs Yj are enabled. When OE is HIGH, the outputs Yj 
are in the high-impedance (off) state. 
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Am2957 

SWITCHING CHARACTERISTICS 

(Ta = +25°C, Vcc = 5.0V) 


Am2956/2957 
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Ann2958 • Am2959 

Octal Buffers/Line Drivers/Line Receivers with Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 

• Three-state outputs drive bus lines directly 

• Advanced Schottky processing 

• Hysteresis at inputs improve noise margin 

• PNP inputs reduce D.C. loading on bus lines 

• Vql of 0.55V at 65mA for commercial-range product; 
48mA for military-range product 

• Data-to-output propagation delay times: 

Inverting - 7.0ns MAX 
Non-inverting - 9.0ns MAX 

• Enable-to-output - 15.0ns MAX 

• 20-pin hermetic and molded DIP packages 


FUNCTIONAL DESCRIPTION 

These buffers/line drivers, used as memory-address drivers, 
clock drivers, and bus oriented transmitters/receivers, pro¬ 
vide improved PC board density. The outputs of the com¬ 
mercial temperature range versions have 64mA sink and 
15mA source capability, which can be used to drive termi¬ 
nated lines down to 1330. The outputs of the military tem¬ 
perature range versions have 48mA sink and 12mA source 
current capability. 

Featuring 0.2V minimum guaranteed hysteresis at each 
low-current PNP data Input, they provide improved noise 
rejection and high-fan-out outputs to restore Schottky TTL 
levels completely. 

The Am2958 and Am2959 have four buffers enabled from 
one common line, and the other four buffers enabled from 
another common line. The Am2958 is inverting, while the 
Am2959 presents true data at the outputs. 


Am2958 


CONNECTION DIAGRAMS 
Top Views 


Am2959 


igC 

1 * ^ 

J - 

20 

□ ^cc 

1G C 

7^^ 

J - 

20 

1A1 [2 

2 

19 

□ 2S 

1A1 

2 

19 

2Y4 

3 

18 

Z] 1Y1 

2Y4 [Z 

3 

18 

1A2 

4 

17 

^ 2A4 

1A2 ZZ 

4 

17 

2Y3 

5 

16 

H 1Y2 

2Y3 

5 

16 

1A3 

6 

15 

D 2A3 

1A3 [Z 

6 

15 

2Y2 [2 

7 

14 

[]] 1Y3 

2Y2 

7 

14 

1A4 

8 

13 

U 2A2 

1A4 Q 

8 

13 

2Y1 

9 

12 

I] ■'Y4 

2Y1 

9 

12 

GND {Z 

10 

11 

I] 2A1 

GND [Z 

10 

11 
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ORDERING INFORMATION 

Order the part irumber according to the table below to obtain the desired package, temperature range, and screening level. 


Am2958 

Order Number 

Am2959 

Order Number 

Package Type 
(Note 1) 

Operating Range 
(Note 2) 

Screening Level 
(Note 3) 

AM2958PC 

AM2959PC 

P-20-1 

C 

C-1 

AM2958DC 

AM2959DC 

D-20-1 

C 

C-1 

AM2958DC-B 

AM2959DC-B 

D-20-1 

C 

B-1 

AM2958DM 

AM2959DM 

D-20-1 

M 

C-3 

AM2958DM-B 

AM2959DM-B 

D-20-1 

M 

B-3 

Am2958XC 

Am2959XC 

Dice 

C 

\ Visual inspection 
> to MIL-STD-883 

Am2958XM 

Am2959XM 

Dice 

M 

J Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = FlatPak. Number following letter is number of leads. See Appendix B for detailed outline. Where Appendix 
B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C = 0 to 70°C, Vcc = 4.75V to 5.25V, M = -55 to +125°C, Vqc = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883. 
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Am2958/2959 


ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Noted: 

Am2958 (MIL) Ta = -55 to +125‘‘C Vcc (MIN.) = 4.50V Vcc (MAX.) = 5.50V 

Am2959 (COM’L) Ta = 0 to 70^C Vcc (MIN.) = 4.75V Vcc (MAX.) = 5.25V 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


V,H 

High-Level Input Voltage 


2.0 



Volts 

V|L 

Low-Level Input Voltage 



0.8 


Volts 

V|K 

Input Clamp Voltage 

Vcc = Mm., I| = -18mA 



-1.2 

Volts 


Hystersis (Vx+ - Vj -) 

Vcc = min. 

0.2 

0.4 


Volts 

VOH 

High-Level Output Voltage 

II II 

21 

COM’L, Iqh = -1mA 

2.7 



Volts 

Iqh = -3mA 

2.4 

3.4 


Vcc = MIN. 

V,L = 0.5V 

MIL, Iqh = -12mA 

2.0 



COM’L, Iqh = -15mA 

2.0 



VoL 

Low-Level Output Voltage 

Vcc = min. 

VjL = 0.8V 

MIL, Iql = 48mA 



0.55 

Volts 

COM’L, Iql = 64mA 



0.55 

bzH 

Off-State Output Current, 

High-Level Voltage Applied 

Vcc = max. 

V|H = 2.0V 

V|L = 0.8V 

Vo = 2.4V 



50 

(xA 

bZL 

Off-State Output Current, 

Low-Level Voltage applied 

Vo = 0.5V 



-50 

‘l 

Input Current at Maximum 

Input Voltage 

Vcc = max., V| = 5.5V 



1.0 

mA 

l|H 

High-Level Input Current, Any Input 

Vcc max., V|H = 2.7V 



50 

fxA 

‘IL 

Low-Level Input Circuit 

Any A 

Vcc = max., V|l = 0.5V 



-400 

mA 

Any G 



-2.0 

mA 

•os 

Short-Circuit Output Current (Note 3) 

Vcc = max. 

-50 


-225 

mA 

•cc 

I 

Supply Current 

Am2958 

All Outputs HIGH 

Vcc = max, 

Outputs Open ^•*- COM’L 


37 

65 


All Outputs LOW 


59 

90 

mA 

Outputs at Hi-Z 


69 

105 


Am2959 

All Outputs HIGH 

Vcc = MAX, 

Outputs Open ^••" COM L 

_^_ 


37 

65 


All Outputs LOW 


63 

105 

mA 

Outputs at Hi-Z 


72 

120 



Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions. 

2. All typical values are Vcc = 5 0V, Ta = 25°C. 

3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed on second. 


SWITCHING CHARACTERISTICS (Vqc = 5V, T^ = 25°C) 


Am2958 Am2959 


Parameter 

Description 

Test Conditions 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Units 

tPLH 

Propagation Delay Time, 
Low-to-High-Level Output 



4.5 

7.0 


6.0 

9.0 

ns 

tpHL 

Propagation Delay Time, 
High-to-Low-Level Output 

Cl = 50pF, Rl = 90a (Note 3) 


4.5 

7.0 


6.0 

9.0 

ns 

<ZL 

Output Enable Time to Low Level 



10 

15 


10 

15 

ns 

tZH 

Output Enable Time to High Level 



6.5 

10 


8.0 

12 

ns 

tLZ 

Output Disable Time from Low Level 

Cl = 5.0pF, Rl = 90n (Note 3) 


10 

15 


10 

15 

ns 

'HZ 

Output Disable Time from High Level 


6.0 

9.0 

_1 

6.0 

9.0 

ns 
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LOAD CIRCUIT FOR 
THREE-STATE OUTPUTS 


VOLTAGE WAVEFORMS 

ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 




IN916 

OR 

IN3064 


WAVEI 



Notes; 1. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 

2. Waveform 2 is for an output with internal conditions such that the output is high except when di$abled by the output control. 

3. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. PRR < I.OMHz, Zqjj-j- « BOH 
and tp < 2.5ns, tf < 2.5ns. 


FUNCTION TABLES 


Am2958 


INPUTS 

OUTPUT 

G 

A 

Y 

H 

X 

z 

L 

H 

L 

L 

L 

H 


Am2959 


INPUTS. 

OUTPUT 

G 

A 


H 

X 

z 

L 

H 

H 

L 

L 

L 


Am2958 USED AS SYSTEM BUS DRIVER - 
4-BIT ORGANIZATION CAN BE APPLIED TO HANDLE BINARY OR BCD 


OUTPUT 

CONTROL 


CONTROL OR MICROPROGRAM ROM/PROM 


.. j I I —^ . I .. 


ii> 


.J 


SYSTEM ADDRESS B 


BLI-119 
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APPLICATIONS (Cont.) 

INDEPENDENT 4-BIT BUS DRIVERS/RECEIVERS 
IN A SINGLE PACKAGE 


I- 



G I OUTPUT-PORT 
I CONTROL 



I_:ij 


Metallization and Pad Layout 


Am2958 • Am2959 



DIE SIZE 0.077" X 0.124" 
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Am29203 

Four •Bit Bipolar Microprocessor Slice 


DISTINCTIVE CHARACTERISTICS 

• Expandable Register File - 

Like the Am2901, the Am29203 contains 16 internal 
working registers arranged in a two-address architec¬ 
ture. But the Am29203 includes the necessary “hooks" 
to exparid the register file externally to any number of 
registers. 

• Built-in Multiplication Logic - 

Performing multiplication with the Am2901A requires a 
few external gates - these gates are contained on-chip 
in the Am29203. Three special instructions are used for 
unsigned multiplication, two’s complement multiplication 
and the last cycle of a two’s complement multiplication. 

• Built-in Division Logic - 

The Am29203 contains all logic and interconnects for 
execution of a non-restoring, multiple-length division 
with correction of the quotient. 

® Built-in Normalization Logic - 

The Am29203 can simultaneously shift the Q register 
and count in a working register. Thus, the mantissa and 
exponent of a floating-point nurnber can be developed 
using a single microcycle per shift. Status flags indicate 
when the operation is complete. 

• Built>^in Parity Generation Circuitry - 

The Am29203 can supply parity across the entire ALU 
output for use in error detection. 

• Built-in Sign Extension Circuitry - 

To facilitate operation on different length two’s comple¬ 
ment numbers, the Am29203 provides the capability to 
extend the sign at any slice boundary. 

• BCD Arithmetic - 

The Am29203 features automatic BCD add and subtract 
and conversion between binary and BCD. 

• Improved Byte Handling - 

On the Am29203 zero detection and register writing 
can be performed on a single byte rather than the 
whole word. 

• Two Bidirectional Data Lines 


• Improved I/O Capability - 

Both the DA and DB data buses are bidirectional on the 
Am29203. In addition, the Y port is also bidirectional. 


RELATED PRODUCTS 

Part No. Description 

Am2902A 

Carry Look-Ahead Generator 

Am2904 

Status and Shift Control Unit 

Am2910A 

Microprogram Controller 

Am2914 

Vectored Priority Interrupt Controller 

Am2917A 

Bus Transceiver 

Am2918 

Pipeline Register 

Am2920 

Octal Register 

Am2922 

Condition Code MUX 

Am2925 

System Clock Generator 

Am2940 

DMA Address Generator 

Am2952 

Bidirectional I/O Port 

Am29707 

Two-Port RAM 

Am27S35 

Registered PROM 


GENERAL DESCRIPTION 

The Am29203 Is a four-bit expandable bipolar micro¬ 
processor slice. The Am29203 performs all functions per¬ 
formed by the industry standard Am2901 and, in addition, 
provides a number of significant enhancements that are 
especially useful in arithmetic-oriented processors. Infi¬ 
nitely expandable memory and three-port, three-address 
architecture are provided by the Am29203. In addition to 
its complete arithmetic and logic instruction set, the 
Am29203 provides a special set of instructions which 
facilitate the implementation of multiplication, division, 
normalization, BCD arithmetic and conversion, and other 
previously time consuming operations. The Am29203 has 
three bidirectional ports and features AMD’s ion-implanted 
micro-oxide (IMOX™) technology. 


BLOCK DIAGRAM 



ZERO ^^0-3 
(NOTE 2) I 



IMOX is a trademark of Advanced Micro Devices, Inc. 
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LOGIC SYMBOL 








*1 


!- 

*2 



*3 

®3 


DAq 

WE 


DBq 


DA2 

DB^ 


DBj 

1 

Ia 

DB3 


OEb 

^n-t-4 


An,29203 


•o 

P/OVR 

7 

'l 

Z 


*2 


9 

*3 



•4 

WRITE/M^ 

35 

'5 

LSS 

34 


SIO 

33 



32 

'8 

SIO3 

43 

CP 

QlOg 


Ten 

QlOn 

38 

OEy 

'^3 '^2 ^0 


YcC = 
GND : 


Pin 36 
Pin 13 


DIP 

D-48 


CONNECTION DIAGRAMS 
Top Views 

Leadless Chip Carrier 
L-52-1 




Note: Pin 1 is marked for orientation. 


ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Am29203 
Order Number 

Package Type 

(Notel) 

Operating Range 

(Note 2) 

Screening Level 

(Note 3) 

AM29203DC 

D-48 

C 

C-1 

AM29203DC-B 

D-48 

C 

B-2 (Note 4) 

AM29203DM 

D-48 

M 

C~3 

AM29203DM-B 

D-48 

M 

B-3 

AM29203FM 

F-48 

M 

C-3 

AM29203FM-B 

F-48 

M 

B-3 

AM29203LC 

L-52 

C 

C-1 

AM29203LM 

L-52 

M 

C-3 

AM29203LM-B 

L-52 

M 

B-3 

AM29203XC 

Dice 

c 1 

Visual inspection 
to MIL-STD-883 

AM29203XM 

Dice 

M J 

Method 201 OB. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak, L = Leadless Chip-Pak. 

Number following letter is number of leads. See Appendix B for detailed outline. 

2. C = 0 to +70°C, Vcc = 4.75 to 5.25V, M = -56 to +125°C, Vcc = 4.50 to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, 
Class C. Level 8-3 conforms to MIL-STD-883, Class B. 

4. 96 hour burn-in. 
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PIN DEFINITIONS 

Ao _3 Four RAM address inputs which contain the 
address of the RAM word appearing at the 
RAM A output port. 

Bo -3 Four RAM address inputs which contain the address 
of the RAM word appearing at the RAM B output 
port and into which new data is written when the 
WE input and the CP input are LOW. 

WE The RAM write enable input. If WE is LOW, data 
at the Y I/O port is written into the RAM when 
the CP input is LOW. When WE is HIGH, 
writing data into the RAM is inhibited. 

DAo _3 a four-bit external data input which can be selected 
as one of the ALU operand sources; DAq is the least 
significant bit. On the Am29203, the DA path is 
bidirectional, operating as either an ALU source 
operand or as an external output for the RAM A-port. 

EA A control input which, when HIGH selects DAo _3 as the 
ALU R operand, and, when LOW, selects RAM output 
A as the ALU R operand and the DA 0-3 output data. 

DBo -3 a four-bit ext ernal data input/output. Under 
control of the OEb input, RAM output port B 
can be directly read on these lines, or input 
data on these lines can be selected as the 
ALU S operand, 

OEb a control input which, when LOW, enables RAM 
output B onto the DBo _3 lines and, when HIGH, 
disables the RAM output B tri-state buffers. 

Cn The carry-in input to the Am29203 ALU. 

lo _8 The nine instruction inputs used to select the 
Am29203 operation to be performed. 

lEN The instruction enable input which, when LOW, allows 
the Q Registe r and the Sign Compare flip-flop to be 
written. When lEN is HIGH, the Q Register and Sign 
Compare flip-flop are in the hold mode. On the 
Am29203, WRITE Is not affected by lEN, but inter¬ 
nally disables the RAM write enable. 

Cn +4 This output generally indicates the carry-out of the 
Am29203 ALU. Refer to Table 5 for an exact defini¬ 
tion of this pin. 

G/N A multi-pi£pose pin which indicates the carry 
generate, G, function at the least significant and 
intermediate slices, and generally indicates the 
sign, N, of the ALU result at the most significant 
slice. Refer to Table 5 for an exact definition of 
this pin. 

P/OVR A multi-purpose pin which indicates the carry prop¬ 
agate, P, function at the least significant and inter¬ 
mediate slices, and indicates the conventional two’s 
complement overflow, OVR, signal at the most sig¬ 
nificant slice. Refer to Table 5 for an exact definition 
of this pin/ 

Z An open-collector input/output pin which, when HIGH, 

generally Indicates the outputs are all LOW. For some 
Special Functions, Z is used as an input pin. Refer to 
Table 5 for an exact definition of this pin. 

SIOq, Bidirectional serial shift inputs/outputs for the 

SIO3 ALU shifter. During a shift-up operation, SIOq 
is an input and SIO 3 an output. During a 


shift-down operation, SIO 3 is an input and SIOq 
is an output. Refer to Tables 3 and 4 for an exact 
definition of these pins. 

QIOq, Bidirectional serial shift inputs/outputs for the Q 

QIO 3 shifter which operate like SIOq and 8103 . Refer 
to Tables 3 and 4 for an exact definition of 
these pins. 

LSS An input pin which, when tied LOW, programs the 
chip to act as the least significa nt slice (LSS) of an 
Am29203 array and enables the WRITE output onto 
the WRITE/MSS pin. When LSS is tied HIGH, the 
chip is programmed to operate as eith er an i nter- 
mediate or most significant slice and the WRITE out¬ 
put buffer is disabled. 

WRIT E/ When LSS is tied LOW, t he WRI TE output signal 

MSS appears at this pin; the WRITE signal is LOW 
when an Instruction which writes da ta into 
the RAM is being executed. When LSS Is tied 
HIGH, WRITE/MSS is an input pin; tying it HIGH 
programs the chip to operate as an inter¬ 
mediate slice (IS) and tying it LOW programs the 
chip to operate as the most significant slice (MSS). 

Yo _3 Four data inputs/outputs of the Am29203. Under 
control of the OEy input, the ALU shifter output data 
can be enabled onto these lines, or these lines can 
be used as data inputs when external data is written 
directly into the RAM. 

OEy A control input which, when LOW, enables 
the ALU shifter output data onto the Y 0-3 lines 
and, when HIGH, disables the Yo _3 three- 
state output buffers. 

CP The clock input to the Am29203. The Q register and 
Sign Compare flip-flop are clocked on the LOW-to- 
HIGH transition of the CP signal. When enabled by 
WE, data is written in the RAM when CP is LOW. 


METALLIZATION AND PAD LAYOUT 



DIE SIZE 0.163" X 0.197" 
Note: Pin numbers correspond 
to DIP package. 

Am29203 
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ARCHITECTURE OF THE Am29203 

The Am29203 is a high-performance, cascadable, four-bit 
bipolar microprocessor slice designed for use in CPUs, 
peripheral controllers, microprogrammable machines, and 
numerous other applications.The microinstruction flexibility of 
the Am29203 allows the efficient emulation of almost any digi¬ 
tal computing machine. The nine-bit microinstruction selects 
the ALU sources, function and destination. The Am29203 is 
cascadable with full lookahead or ripple carry, has three-state 
outputs, and provides various ALU status flag outputs. Ad¬ 
vanced Low-Power Schottky processing is used to fabricate 
this 48-pin LSI circuit. 

All data paths within the device are four bits wide. As shown in the 
block diagram, the device consists of a 16-word by 4-blt, two-port 
RAM with latches on both output ports, a high-performance ALU 
and shifter, a multi-purpose Q Register with shifter Input, and a 
nine-bit instruction decoder. 

Two-Port RAM 

Any two RAM words addressed at the A and B address ports can 
be read simultaneously at the respective RAM A and B output 
ports. Identical data appear at the two output ports when the 
same address is applied to both address ports. The latches at the 
RAM output ports are transparent when the clock input, CP, is 
HIGH and they hold the RAM output data when CP is LOW. 
Under control of the OEb three-state output enable, RAM data 
can be read directly at the Am2903 DB I/O port. On the 
Am29203, provides the same feature at the DA port. 

External data at the Am29203 Y I/O port can be written directly 
into the RAM, or ALU shifter output data can be enabled ontc 
the Y I/O port and entered into the RAM. Data is writt en in to 
the RAM at the B address when the write enable input, WE, Is 
LOW and the clock input, CP, is LOW. 

Arithmetic Logic Unit 

The Am29203 high-performance ALU can perform seven 
arithmetic and nine logic operations on two 4-bit operands. 
Multiplexers at the ALU inputs provide the capability to select 
various pairs of ALU source operands. The E^ input selects 
either the DA external data inp ut or RAM output port A for use 
as one ALU operand and the OEb and Iq inputs select RAM 
output port B, DB external data input, or the Q register content 
for use as the second ALU operand. Also, during some ALU 
operations, zeroes are forced at the ALU operand inputs. Thus, 
the Am29203 ALU can operate on data from two external 
sources, from an internal and external source, or from two 
internal sources. Table 1 shows all p ossib le pairs of ALU 
source operands as a function of the Ea, OEb, and Iq inputs. 


TABLE 1. ALU OPERAND SOURCES 



■0 

OEb 

ALU Operand R 

ALU Operand S 

L 

L 

L 

RAM Output A 

RAM Output B 

L 

L 

H 

RAM Output A 

0 

CD 

0 

L 

H 

X 

RAM Output A 

Q Register 

H 

L 

L 

DA 0.3 

RAM Output B 

H 

L 

H 

DA 0.3 

DB 0.3 

H 

H 

X 

DA 0.3 

Q Register 


L = LOW H = HIGH X = Don’t Care 


TABLE 2. Am29203 ALU FUNCTIONS 


«4 

'3 

■2 

h 

•o 

ALU Functions 

>- 

L 

L 

L 

L 

Special Functions 

L 

L 

L 

L 

H 

Fj = HIGH 

L 

L 

L 

H 

X 

F = S Minus R Minus 1 Plus Cn 

L 

L 

H 

L 

X 

F = R Minus S Minus 1 Plus Cn 

L 

L 

H 

H 

X 

F = R Plus S Plus Cn 

L 

H 

L 

L 

X 

F = S Plus Cn 

L 


L 


X 

F = S Plus Cn 

L 

H 

H 

L 

L 

Reserved Special Functions 

L 

H 

H 

L 

H 

F = R Plus Cn 

L 

H 

H 

H 

L 

Reserved Special Functions 

- 1 

L 

H 

H 

H 

H 

F = R Plus Cn 

H 

L 

L 

L 

I 

-1 

L 

Special Functions 

H 

L 

L 

L 


Fj = LOW 

H 

L 

L 

H 

X 

Fj = Rj AND Si 

H 

L 

H 

L 

X 

Fj = Rj EXCLUSIVE NOR Sj 

H 

L 

H 

H 

X 

Fj = Rj EXCLUSIVE OR Sj 

H 

H 

L 

L 

X 

Fj = Rj AND Si 

H 

H 

L 

H 

X 

Fj = Rj NOR Sj 

H 

H 

H 

L 

X 

Fj = Rj NAND Si 

H 

_I 

lJL 

H 

H 

X 

Fj = Rj OR Sj 


L = LOW H = HIGH i = 0 to 3 

X = low or HIGH 


When instruction bits I 4 , 13 , 12 , h, and Iq are LOW, the Am29203 
executes special functions. Table 4 defines these special func¬ 
tions and the operation which the ALU performs for each. When 
the Am29203 executes instructions other than the 16 special 
functions, the ALU operation is determined by instruction bits I4, 
I3,12, and Iv Table 2 defines the ALU operation as a function of 
these four instruction bits. 

Am29203s may be cascaded in either a ripple carry or 
lookahead carry fashion. When a number of Am29203s are 
cascaded, each slice must be programmed to be a most sig¬ 
nificant slice (MSS), intermediate slice (IS), or least significant 
slice (LSS) of the array. The carry generate, G, and carry prop¬ 
agate, P, signals required for a lookahead carry scheme are 
generated by the Am29203 and are available as outputs of the 
least significant and intermediate slices. 

The Am29203 also generates a carry-out signal, Cn + 4 , which 
*is generally available as an output of each slice. Both the 
carry-ln, Cn, and c 8 rry-out, Cn+ 4 , signals are active HIGH. The 
ALU generates two other status outputs. These are negative, N, 
and overflow, OVR. The N output is generally the most signifi¬ 
cant (sign) bit of the ALU output and can be used to determine 
positive or negative results. The OVR output indicates that the 
arithmetic operation being performed exceeds the available 
two’s complement number range. The N and OVR signals are 
available as outputs of^the most significant slice. Thus, the 
multipurpose G/N and P/OVR outputs indicate G and P at the 
least significant and intermediate slices, and sign and overflow 
at the most signific^t slice. To some extent, the meaning of the 
Cn+ 4 , P/OVR', and G/N signals vary with the ALU function being 
performed. Refer to Table 5 for an exact definition of these four 
signals as a function of the Am29203 instruction. 
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ALU Shifter 

Under instruction control, the ALU shifter passes the ALU output 
(F) non-shifted, shifts it up one bit position (2F), or shifts it down 
one bit position (F/ 2 ). Both arithmetic and logical shift operations 
are possible. An arithmetic shift operation shifts data around the 
most significant (sign) bit position of the most significant slice, 
and a logical shift operation shifts data through this bit position 
(see Figure A). SIOq and SIO3 are bidirectional serial shift 
inputs/outputs. During a shift-up operation, SIOq is generally a 
serial shift input and SIO3 a serial shift output. During a shift-down 
operation, SIO3 is generally a serial shift input and SIOq a serial 
shift output. 

To some extent, the meaning of the SIOq and SIO 3 signals is 
instruction dependent. Refer to Tables 3 and 4 for an exact 
definition of these pins. 

The ALU shifter also provides the capability to sign extend at slice 
boundaries. Under instruction control, the SIOq (sign) input can 
be extended through Yq, Yi, Y2, Y3 and propagated to the SIO3 
output. 

A cascadable, five-bit parity generator/checker is designed into 
the Am29203 ALU shifter and provides ALU error detection 
capability. Parity for the Fq, Fi , F 2 , F 3 ALU outputs and SIO 3 
input is generated and, under instruction control, is made avail¬ 
able at the SIOq output. Refer to the Am29203 applications 
section for a more detailed description of the Am29203 sign 
extension and parity generation/checking capability. 

The instruction inputs determine the ALU shifter operation. Table 
4 defines the special functions and the operation the ALU shifter 
performs for each. When the Am29203 executes instructions 
other than the speciaf functions, the ALU shifter operation Is de¬ 
termined by instruction bits le, I 7 , le, I 5 . Table 3 defines the ALU 
shifter operation as a function of these four bits. 

Q Register 

The Q Register is an auxiliary four-bit register which is clocked on 
the LOW-to-HIGH transition of the CP Input. It is intended primar¬ 
ily for use in multiplication and division operations; however, It 
can also be used as an accumulator or holding register for some 
applications. The ALU output, F, can be loaded into the Q Regis¬ 
ter, and/or the Q Register can be selected as the source for the 


TABLE 3. ALU DESTINATION CONTROL FOR Iq OR h OR I 2 OR I 3 = HIGH, lEN = LOW 








SiOg 

Y3 

^2 





Q Reg & 
Shifter 
Function 



'b 

'7 

<6 

'5 

Hex 

Code 

ALU Shifter 
Function 

Most Sig. 
Slice 

Other 

Slices 

Most Sig. 
Slice 

Other 

Slices 

Most Sig. 
Slice 

Other 

Slices 

Yi 

Yo 

SIOq 

Write 

QIO3 

QlOo 

L 

L 

L 


0 

Arith. F/ 2 -»Y 

Input 

Input 

F3 

SIO3 

SIO3 

F3 

Fa 

Fi 

Fo 

L 

Hold 

Hi-Z 

Hi-Z 

L 

L 

i- 

H 

1 

Log, F/ 2 -+Y 

Input 

Input 

SIO3 

SIO3 

F3 

F3 

Fa 

Fi 

Fo 

L 

Hold 

Hi-Z 

Hi-Z 

L 

L 

H 

L 

2 

Arith. F/ 2 -Y 

Input 

Input 

F3 

SIO3 

SIO3 

F3 

Fa 

Fi 

Fo 

L 

Log. Q/ 2 -»Q 

Input 

Qo 

L 

L 

H 

H 

3 

Log. FI2-*y 

Input 

Input 

SIO3 

SlOa 

F3 

F3 

Fa 

Fi 

Fo 

L 

Log. Q/ 2 -^Q 

Input 

Qo 

L 

H 

L 

L 

4 

F-Y 

Input 

Input 

F3 

F3 

. F 2 

Fa 

Fi 

Fo 

Parity 

L 

Hold 

Hi-Z 

Hi-Z 

I L 

H 

L 

H 

5 

F->Y 

Input 

Input 

. F3 

■ F3 

F 2 

Fa 

Fi 

Fo 

Parity 

H 

Log. Q/ 2 -Q 

Input 

Qo 

L 

H 

H 

L 

6 

F-^Y 

Input 

Input 

F3 

F3 

F2 

Fa 

Fi 

Fo 

Parity 

H 

F-Q 

HI-Z 

Hi-Z 

~L~ 

' h"" 

H 

H 

7 

F-Y 

Input 

Input 

F3 

F3 

Fa 

Fa 

Fi 

Fo 

Parity 

L 

F-Q 

Hi-Z 

Hi-Z 

"Tr 

L 

L 

L 

8 

Arith. 2 F-»Y 

Fa 

F3 

F3 

F2 

Fi 

Fi 

Fo 

SlOo 

Input 

L 

Hold 

Hi-Z 

Hi-Z 

H 

L 

L 

“TT" 

9 

Log. 2 F-Y 

F3 

F3 

F 2 

F2 

Fi 

Fi 

Fo 

SlOo 

Input 

L 

Hold 

Hi-Z 

Hi-Z 

"TT 

L 

H 

L 

A 

Arith. 2 F-Y 

F2 

F3 

F3 

F2 

Fi 

F, 

Fo 

SlOo 

Input 

L 

Log. 2 Q—Q 

Q3 

Input 

TT 

L 

H 

~Tr~ 

B 

Log. 2 F-Y 

F 3 

F 3 

F2 

F2 

Fi 

Fi 

Fo 

SlOo 

Input 

L 

Log. 2Q-^Q 

Q3 

Input 

H 

H 

L 

L 

C 

F-Y 

F3 

F 3 

F 3 

F 3 

F2 

Fa 

Fi 

Fo 

Hi-Z 

H 

Hold 

Hi-Z 

Hi-Z 

H 

H 

L 

H 

D 

F-^Y 

F 3 

F 3 

F 3 

F 3 

Fa 

Fa 

Fi 

Fo 

Hi-Z 

H 

Log. 2 Q-K 3 

Q3 

Input 

H 

H 

H 

L 

E 

siOo-Yq. Yi:, Yj. Y3 

SlOo 

SlOo 

SlOo 

SlOo 

SlOo 

SlOo 

SlOo 

SlOo 

Input 

L 

Hold 

Hi-Z 

HI-Z 


H 

H 

H 

F 

F-»Y 

>3 

F 3 

F 3 

F3 

Fa 

Fa 

Fi 

Fo 

Hi-Z 

L 

Hold 

Hi-Z 

Hi-Z 


Parity = F 3 V F 2 V Fi V Fq ¥ SIO 3 L = LOW Hi-Z = High Impedance 

V = Exclusive OR H = HIGH 


Figure* A. 

Am29203 Arithmetic Shift Path 


FT 


JL-i. 


-rrnr 


Least 

Significant or 
intermediate Slice 


Am29203 Logical Shift Path 


ALU S operand. The shifter at the input to the Q Register provides 
the capability to shift the Q Register contents up one bit position 
( 2 Q) or down one bit position (Q/2). Only logical shifts are per¬ 
formed. QIOq and QIO 3 are bidirectional shift serial inputs/ 
outputs. During a Q Register shift-up operation, QIOq is a serial 
shift input and QIO 3 Is a serial shift output. During a shift-down 
operation, QIO 3 is a serial shift input and QIOq is a serial shift 
output. 

Double-length arithmetic and logical shifting capability is pro¬ 
vided by the Am29203. The double-length shift is performed by 
connecting QIO 3 of the most significant slice to SIOq of the 
least significant slice, and executing an instruction which shifts 
both the ALU output and the Q register. 

The Q register and shifter are controlled by the Instruction in¬ 
puts. Table 4 defines the Am29203 special functions and the 
operations which the Q register and shifter perform for each. 
When the Am29203 executes instructions other than the spe¬ 
cial functions, the Q register and shifter operation is controlled 
by instruction bits Ig, I 7 , le. Is- Table 3 defines the Q register 
and shifter operation as a function of these four bits. 

Output Buffers 

The DB, DA, and Y ports are bidirectional I/O ports driven by 
three-state output buffers with external output enable controls. 
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TABLE 4. SPECIAL FUNCTIONS (Note 7) 


Am29203 


(Hex) 

I 8 l 7 i 6>5 

u 

(Hex) 

I3I2I1I0 

Special 

Function 

ALU Function 

ALU Shifter 

Function 

S103 

SiOo 

QReg& 

Shifter 

Function 

QIO3 

QlOo 


Most Sig 
Slice 

Other 

Slices 

WRITE 

0 

L 

0 

Unsigned Multiply 

F = S + CnifZ = L 

F = R + S + CnifZ=H 

Log F/2 ^ Y 
(Note 1) 

z 

Input 

FO 

LogQ/2^ Q 

Input 

Qq 

L 

1 

L 

0 

BCD to Binary 
Conversion 

(Note 4) 

Log F/2 -^ Y 

Input 

Input 

FO 

LogQ/2^ Q 

Input 

Qo 

L 

1 

H 

0 

Multiprecision 

BCD to Binary 

(Note 4) 

Log F/2 ^Y 

Input 

Input 

Fq 

Hold 

Z 

Qo 

L 

2 

L 

0 

Two’s Complement 
Multiply 

F = S + CnifZ = L 

F = R + S + CnifZ = H 

Log F/2 ^ Y 
(Note 2) 

Z 

Input 

FO 

LogQ/2-» Q 

Input 

Qo 

L 

3 

L 

0 

Decrement by 

One or Two 

F = S-2+Cn 

F^ Y 

Z 

Z 

Parity 

Hold - 

Z 

z 

L 

4 

L 

0 

Increment by 

One or Two 

F = S + 1 + Cpi 

F Y 

Input 

input 

Parity 

Hold 

Z 

z 

L 

5 

L 

0 

Sign/Magnitude 

Two’s Complement 

F = S + CnifZ = L 

F = S + CnifZ = H 

F -> Y 
(Note 3) 

Input 

Input 

Parity 

Hold 

z 

z 

L 

6 

L 

0 

Two’s Complement 
Multiply, Last Cycle 

F = S + CnifZ = L 

F = S- R-1+Cr,ifZ=H 

Log F/2 Y 
(Note 2) 

Z 

Input 

Fq 

LogQ/2-^ Q 

Input 

Qo 

L 

7 

L 

0 

BCD Divide 
by Two 

(Note 4) 

F-^ Y 

z 

Z 

Parity 

Hold 

Z 

z 

L 

8 

L. 

0 

Single Length 
Normalize 

F = S + Cn 

F ^ Y 

F 3 

^3 

Z 

Log2Q^ Q 

Q 3 

Input 

L 

9 

L 

0 

Binary to BCD 
Conversion 

(Note 5) 

Log2F-^ Y 

F3 

F 3 

Input 

Log2Q-^ Q 

Q 3 

Input 

L 

9 

H 

0 

Multiprecision 

Binary to BCD 

(Note 5) 

Log2F-> Y 

F3 

^3 

Input 

Hold 

z 

Input 

L 

A 

L 

0 

Double Length 
Normalize and First 
Divide Op 

F = S + Cn 

Log 2F Y 

R3 V F3 

F3 

Input 

Log2Q-^ Q 

Q 3 

Input 

L 

B 

L 

0 

BCD Add 

F = R + S + Cn BCD 
(Note 6 ) 

F-» Y 

0 

0 

Z 

Hold 

z 

Z 

L 

C 

L 

0 

Two’s Complement 
Divide 

F = S + R + CnifZ = L 

F = S - R - 1 + CnifZ= H 

Log2F Y 

R 3 VF 

F 3 

Input 

Log2Q-^ Q 

Q 3 

Input 

L 

D 

L 

0 , 

BCD Subtract 

F=R-S-1+Cn BCD 
(Note 6 ) 

F-^ Y 

0 

0 

Z 

Hold 

z 

Z 

L 

E 

L 

0 

Two’s Complement 
Divide Correction 
and Remainder 

F = S + R + CnifZ = L 

F = S-R-1 + CnifZ=H 

F Y 

F3 

>=3 

z 

Log2Q^ Q 

Q3 

Input 

L 

F 

L 

0 

BCD Subtract 

F = S- R-1+Cn BCD 
(Note 6) 

F^ Y 

0 

0 

z 

Hold 

z 

Z 

L 


Notes: 1. At the most significant slice only, the Cn +4 signal is internally gated to the Y 3 output. 

2. At the most significant slice only, F 3 v OVR is internally gated to the Y3 output. 

3 . At the most significant slice only, S3 v F3 is generated at the Y3 output. 

4. On each slice, F = S if magnitude of S 0-3 is less than 8 and F = S minus 3 if magnitude of S 0-3 is 8 or greater. 

5. On each slice, F = S if magnitude of S 0-3 is less than 5 and F = S plus 3 if magnitude of S 0-3 is 5 or greater. Addition is module 16. 

6 . Additions and subtractions are BCD adds and subtracts. Results are undefined if R or S are not in valid BCD format. 

7. The Q Register cannot be used explicitly as an operand for any Special Functions. It is defined implicitly within the functions. 


L = LOW Hi-Z = High Impedance 

H = HIGH = Exclusive OR 

X = Don’t Care Parity = SIO 3 v F 3 V F 2 v F^ v Fq 


The Y output buffers are enabled when the OEy input is LOW 
and are in the high impedance state w hen O Ey is HIGH. The 
DB output buffers are enabled when the OEb input is LOW and 
the DA buffers are enabled when Ea is LOW. 

The zero, Z, pin is an open collector input/output that can be 
wire-OR’ed between slices. As an output it can be used as a zero 
detect status flag and generally indicates that the Y 0-3 pins are all 
LOW. To some extent the meaning of this signal varies with the 
instruction being performed. Refer to Table 5 for an exact defini¬ 
tion of this signal as a function of the A m2920 3 instructions. On 
the Am29203, the Z pin will be HIGH if OEy is HIGH, allowing 
zero detection on less than the full word. 

Instruction Decoder 

The Instruction Decoder generates required internal control sig¬ 
nals as a function of the nine Instruction inputs, Iq-s: the Instruc¬ 
tion Enable input, lEN; the LSS input; and the WRITE/MSS 
input/output. 


The WRITE output is LOW when an instruction which writes data 
into the RAM is being ex ecuted. Refer to Tables 3 and 4 for a 
definition of the WRITE output as a function of the Am29203 
instruction inputs. 

On the Am29203, when lEN is HIGH, the Q regis ter a nd Sign 
Compare Flip-Flop contents are preserved. When lEN is LOW, 
the Q register and Sign Compare Flip-Flop can be written ac¬ 
cording to the Am29203 instruction. The Sign Compare Flip- 
Flop is an on-chip flip-flop which is used during an A m29203 
divide operation (see Figure B). On th e Am292 03, l EN co ntrols 
internal writing, but does not affect WRITE. The lEN signal 
can then be controlled separately at each chip to facilitate byte 
operations. 

Programming the Am29203 Slice Position 

Tying the LSS input LOW programs th e slice to operate as a least 
significant slice (LSS) and enables the WRITE output signal onto 
the WRITE/MSS bidirectional I/O pin. When LSS is tied HIGH, the 
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WRITE/MSS pin becomes an Input pin; tying the WRITE/MSS pin 
HIGH programs the slice to operate as an Intermediate slice (IS) 
and tying it LOW programs the slice to operate as a most signifi¬ 
cant slice ( MSS) . The W/MSS pin must be tied HIGH through a 
resistor. W/MSS and LSS should not be connected together. 
See Figure 2 of applications. 

Am29203 SPECIAL FUNCTIONS 

The Am29203 provides 16 Special Functions which facilitate 
the implementation of the following operations: 

• Single- and Double-Length Normalization 

• Two’s Complement Division 

• Unsigned and Two’s Complement Multiplication 

• Conversion Between Two’s Complement and Sign/Magnitude 
Representation 

• Incrementation and Decrementation by One or Two 

• BCD add, subtract, and divide by two 

• Single- and double-precision BCD to Binary and Binary to 
BCD conversion. 

Table 4 defines these Special Functions. 

The Single-Length and Double-Length Normalization functions 
can be used to adjust a single-precision or double-precision 
floating point number in order to bring its mantissa within a 
specified range. 

Three Special Functions which can be used to perform a two’s 
complement, non-restoring divide operation are provided by the 
Am29203. These functions provide both single- and double¬ 
precision divide operations and can be performed in “n” clock 
cycles, where “n” is the number of bits in the quotient. 


The Unsigned Multiply Special Function and the two Two’s Com¬ 
plement Multiply Special Functions can be used to multiply two 
n-bit, unsigned or two’s complement numbers, respectively, in 
n clock cycles. These functions utilize the conditional add and 
shift algorithm. During the last cycle of the two’s complement 
multiplication, a conditional subtraction, rather than addition, is 
performed because the sign bit of the multiplier carries negative 
weight. 

The Sign/Magnitude-Two’s Complement Special Function can 
be used to convert number representation systems. A number 
expressed in Sign/Magnitude representation can be converted to 
the Two’s Complement representation, and vice-versa, in one 
clock cycle. 

The Increment by One or Two Special Function can be used 
to increment an unsigned or two’s complement number by 
one or two. This Is useful in 16-bit word, byte-addressable 
machines, where the word addresses are multiples of two. 

The BCD arithmetic special functions can be used to add or 
subtract two BCD numbers and generate a valid BCD result In 
one microcycle. In addition a BCD divide by two adjust Instruc¬ 
tion can be used to obtain a valid BCD representation after 
shifting a number down by one bit. 

The BCD/Binary conversion special function instructions facili¬ 
tate single- and double-precision algorithms to convert from 
BCD to Binary and from Binary to BCD. 

Refer to Am29203 applications section for a more detailed de¬ 
scription of these Special Functions. 


Figure B. Sign Compare Flip-Flop 



SIGN 

COMPARE 


The sign compare signal appears at the Z output of the most significant slice 
during special functions C, D and E, F. Refer to Table 5. 
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TABLE 5. Am29203 STATUS OUTPUTS 


Am29203 


(Hex) 

(Hex) 

Ul3l2'l 

•0 

Gi 

(i = 0 to 3 ) 

PI 

(I = 0 to 3 ) 

Cn+4 

P/OVR 

G/N 

2 (OEy = LOW) 

Moat SIg 
Slice 

Other 

Siicea 

Most Sig 
Slice 

Other 

Slices 

Most Sig 
Slice 

Intermediate 

Slice 

Least Sig 
Slice 

X 

0 

X 

0 

1 

0 

0 

0 

F3 

'g 

%W 2^3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

1 


RjASi 

VSj 

G VPCn 

Cn+3 V Cn+4 

p 

F3 

G 

YoYiYgYs 

Y0Y1Y2Y3 

YoY-,Y 2Y3 

X 

2 

X 

Rj ASj 

Rj VSj 

G VPCn 

Cn+3 V Cn+4 

p 

F3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

3 

X 

Rj ASj 

Rj VSj 

G VPCp 

Cn+3 V Cn+4 

p 

R3 


Y0Y1Y2Y3 

'YoYiY 2“3 

Y0Y1Y2Y3 

X 

4 

X 

0 

Si 

G VPCn 

Cn+3 V Cn+4 

P 

F3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

5 

X 

0 

Sj 

G VPCn 

Cn+3 V Cn+4 

p 

F3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

6 

X 

0 

Ri 

G VPCn 

Cn+3 V Cn+4 

p 

F3 

G 

WY2Y3 

W2Y3 

Y0Y1Y2Y3 

X 

7 

X 

0 

Ri 

G V PCn 

Cn+3 V Cn+4 

p 

R3 

G 

Y0Y1Y2Y3 

V1Y2Y3 

Y0Y1Y2Y3 

X 

8 

X 

0 

1 

0 

0 

0 

R3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

9 

X 

Rj ASj 

1 

0 

0 

0 

P3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

A 

X 

Rj ASj 

Rj VSj 

0 


0 

F3 

G 

YGY1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

B 

X 

■Rj ASj 

Rj VSj 

0 

0 

0 

F3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

C 

X 

Rj ASj 

1 

0 

0 

0 

F3 

Q 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

D 

X 

■R| As’i 

1 

0 

0 

0 

^3 

G 

Y0Y1Y2Y3 

VbYlY2Y3 

YoYiY2^ 

X 

E 

X 

Rj ASj 

1 

0 

0 

0 

F3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

X 

F 

X 

Rj ASi 

1 

0 

0 

0 

F3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

0 

0 

L 

OifZ = L 

Rj A Sj if Z = H 

Sj if Z = L 

Rj V Sj if Z = H 

GVPCn 

Cn+3 V Cn+4 

p 

R3 

G 

Input 

Input 

Qo 

1 

0 

L 

0 

Si 

G VPCn 

Cn+3 V Cn+4 

p 

F3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

1 

8 

L 

0 

Sj 

0 

0 

0 

F3 

G 

Y0Y1Y2Y3 

%YiY 2Y3 

Y0Y1Y2Y3 

2 

0 

L 

0 if Z = L 

Rj A Sj if Z = H 

Sj if Z = L 

Rj V Sj if Z = H 

GVPCn 

Cn+3 V Cn+4 

P 

F3 

G 

Input 

Input 

Qo 

3 

0 

L 

(Note 6) 

(Note 7) 

GVPCn 

Cn+3 V Cn+4 

p 

F3 

G 

W^W 3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

4 

0 

L 

(Note 1) 

(Note 2) 

G V PCn 

Cn+3 V Cn+4 

■p 

F3 

G 

Y0Y1Y2Y3 

W1W3 

YoYiY 2'Y3 

5 

0 

L 

0 

Sj if Z = L 

SjifZ = H 

G VPCn 

Cn+3 V Cn+4 

p 

F3ifZ=L 
F3VS3ifZ= H 

G 

S3 

Input 

Input 

6 

0 

L 

OifZ = L 

Rj A Sj if Z = H 

Sj if Z = L 

Rj V Sj if Z = H 

GVPCn 

Cn+3 V Cn+4 

P 

F3 

G 

Input 

Input 

Qo 

7 

0 

L 

0 

Sj 

GVPCn 

Cn+3 V Cn+4 

P 

F3 

' G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

8 

0 

L 

0 

Sj 

(Note 3) 

Q2 Qi 

P 

Q3 

G 

Q0Q1Q2Q3 

QoQtQ2Q3 

Q0Q1Q2Q3 

9 

0 

L 

0 

Sj 

GVPCn 

Cn+3 VCn+4 

p 

F3 

G 

Q0Q1Q2Q3 

Q0Q1Q2Q3 

Q0Q1Q2Q3 

9 

8 

L 

0 

Sj 

0 

0 

0 

F3 

G 

Q0Q1Q2Q3 I 

Q0Q1Q2Q3 

Q0Q1Q2Q3 

A 

0 

L 

0 

Sj 

(Note 4) 

Fa Fi 

p 

F3 

G 

(Note 5) 

(Note 5) 

(Note 5) 

B 

0 

L 

Ri A Sj 

Ri Sj 

G VPCn 

(Note 8) 

(Notes) 

(Note 9) 

(Note 9) 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

C 

0 

L 

RjASjifZ = L 

Rj A Sj if Z = H 

^ V Sj if Z = L 

Rj V Sj if Z = H 

GVPCn 

Cn+3 V Cn+4 

P 

F3 

G 

Sign Compare 
FF Output 

Input 

Input 

D 

0 

L 

Ri A si 

Rj VSj 

GVPCn 

Cn+3 V Cn+4 

P 

F3 

G 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

Y0Y1Y2Y3 

E 

0 

L 

^ A Sj if Z = L 
■Rj A Sj if Z = H 

Rj V Sj if Z = L 

Rj VSjifZ = H 

GVPCn 

Cn+3 V Cn+4 

? 

F3 

G 

Sign Compare 
FF Output 

Input 

Input 

F 

0 

L 

Rj A Sj 

Rj VSj 

GVPCn 

Cn+3 V Cn+4 

P 

P3 

G 

Y0Y1Y2Y3 

YoYiYaVa 

Y0Y1 Y2 Y3 


Notes: 1. If LSS is LOW, Gq = Sq and Gi, 2. 3 = 0. If LSS is HIGH, Go. 1.2.3 = 0. 

2. i :.SS is LOW, Pq = 1 and Pi, 2, 3 = Si, 2, 3- If LSS is HIGH,’ Pj = Sj. 

3. At the most significant slice, Cn+4 = Q3 v 02- At other slices, Cn+4 = G v PCn- 

4. At th^nTost_si£nificant_slice, Cn+4 = F3 V F2- At other slices, Cn+4 = G v PCn- 

5. Z = Q oQiQ2Q3FqFiF2F3. _ 

6. If LSS is LOW, Gq = 0 and Gi,2,3 = Si.2. 3- If LSS is HIGH, Gq, 1,2,3 = So,1,2,3 

7. If LSS is LOW, Po = Sq _and Pi, 2,3.= fJf LSS is HJGH, Po,1,2,3 = 1- 

8. On all slices £= (Pq +^2) (Pq +_Gi t_P2) __ _ _ _ _ 

9. On all slices G = G 3 (Gq + Gi + P2) (Gq + Gi) (Pi + G2) (P3 + Pi • P2 • Go)- 


L = LOW = 0 
H = HIGH = 1 

V =0R 
A =AND 

V = EXCLUSIVE OR 
P =P3P2PlP0 

G = G3 V G2P3 G1P2P3 V G0P1P2P3 
Cn + 3 = G2 V G1P2 V G0P1P2 V CnPoPlP 2 
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TEST OUTPUT LOAD CONFIGURATIONS FOR Am29203 


A. THREE-STATE OUTPUTS 


B. NORMAL OUTPUTS 


C. OPEN-COLLECTOR OUTPUTS 



5.0 - Vbe “ Vql 
lOL + Vol/IK 


Rl = 


5.0 - Vbe - Vql 
•OL + V 0 L/R 2 


Notes: 1. Cl = 50pF includes scope probe, wiring and stray capacitances without device in hand in test fixture. 

2. Si, S 2 , S 3 are closed during function tests and all A.C. tests except output enable tests. 

3. Si and S 3 are closed while S 2 is open for tp 2 H test. 

Si and S 2 are closed while S 3 is open for tpzL test. 

4. Cl = 5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am29203 


Pin# 

Pin Label 

Test 

Circuit 

Rl 

R2 

1 

QIOq 

A 

458 

IK 

11 

+ 4 

B 

478 

3K 

12 

P/OVR 

B 

383 

3K 

14 

G/N 

B 

212 

1.5K 

16-19 

Yo-3 

A 

241 

IK 

20 

SlOo 

A 

458 

IK 

21 

SIO 3 

A 

458 

IK 

22 

Z 

C 

281 

- 

23-26 

DB0.3 

A 

458 

IK 

40 

WRITE/MSS 

A 

458 

IK 

48 

QIO 3 

A 

458 

IK 


For additional information on testing, see section 
“Guidelines on Testing Am29G0 Family Devices.” 
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OPERATING RANGES (over which DC, switching, and functional specifications apply) 


Part Number 

Range Suffix Temperature Vcc 


COM’L 

PC, PCB, 

DC, DCB, XC 

Ta= 0to70°C 

4.75 to 5.25V 

MIL 

DM, DMB, 

FM, FMB, XM 

Tc= -55to+125°C 

4.50 to 5.50V 


ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

—65 to +150°C 

Temperature (Ambient) Under Bias 

-55 to +125°C 

Supply Voltage to Ground Potential Continuous 

-0.5 to +7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5 to + Vcc 

DC Input Voltage 

-0.5 to + 5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

-30 to + 5.0mA 


Am2903 Burn-in and Life Test Circuit 



This circuit conforms to MIL-STD-883, Methods 1005 and 1015, Condition D. 
One Am9316 Can Drive Maximum of Five Am2903s. 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1 . Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
cause erroneous function failures due to Vcc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground 
cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 


4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
V|L « 0.4V and V|h > 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6 . To assist in testing, AMD offers complete documentation 
on our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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DC CHARACTERISTICS OVER OPERATING RANGE 


Typ. 

Parameters Description Test Conditions (Note i) _Min. (Note 2) Max. Units 


VOH 

r--- 

Output HIGH Voltage 

Vcc = min. 

V|N = V|H or V|L 

lOH = - 1 . 6 mA 

Y 0 -Y 3 . G/N 

2.4 



Volts 

•oh = -QOOfiA 

DB 0 . 3 . P/OVR . 

SIOq, SIO 3 . QIOq, QIO 3 , 

WRITE. Crt+4 

2.4 



•CEX 

Output Leakage Current 
for Z Output (Note 4) 

Vcc = min., Vqh = 5.5V 

V|N = V,HOrV,L 



250 

HA 

VOL 

Output LOW Voltage 

Vcc = min. 

V|N = V|H = orV|L 

Yo. Yi. Y 2 

Y 3 . z 

I^L = 20mA (COM’L) 



0.5 

Volts 

l 0 L = 16mA (MIL) 

DBq, DBi, 
DB 2 , DB 3 

Iql = 12mA (COM’L) 



0.5 

Iql = 8.0mA (MIL) 

G/N 

•OL = 18mA 


-- 

0.5 

P/OVR 

Iql = 10 mA 



0.5 

Cn+4, SIOq 
SIO 3 . QlOo 

Iql = 8 . 0 mA 



0.5 

QIO 3 , WRITE 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs (Note 6 ) 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs (Note 6 ) 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min., I|n = -18mA 



- 1.5 

Volts 

l|L 

' 

Input LOW Current 

Vcc = max., V,n - 0.5V 
(Note 4) 

Cn 



- 3.6 

mA 

Yo.Yi,Y2,Y3 



- 1.13 

•o> •l- • 2 - h’ ^4 

DAq, DA^I , DA 2 , DA3 



-0.72 

SIOq, SIO 3 , QIOq, 

QIO 3 , MSS, DBq, DBi, 
DB 2 , DB 3 



-0.77 

All other inputs 



- 0.36 

•iH 

Input HIGH Current 

Vcc = max., V,n= 2.7V 
(Note 4) 

Cn 



200 

mA 

Yo. Yi. Y 2 . Y 3 



110 

• 0 ’^ 4 . DA 0 -DA 3 



40 

SIOq. SIO 3 . QIOq, 

QI 03 , DB 0 . 3 , 

MSS 



90 

All other inputs 



20 

»l 

Input HIGH Current 

Vcc = max., V,n = 5.5V 



1.0 

mA 

■OZH 

•OZL 

Off State 

(HIGH Impedance) 

Output Current 

Vcc = max., 

(Note 4) 

Y 0 -Y 3 

Vq = 2.4V 



110 

fiA 

Vq = 0.5V 



-1130 

DBc 

SIO 

. 3 , QIOq, QIO 3 , 

Vq = 2.4V 



90 

0 . SIO 3 , WRITE/MSS 

Vq = 0.5V 


■ 

-770 

•os 

Output Short Circuit 

Current (Note 3) 

Vcc = max + 0.5V 

Vq = 0.5V 

-30 


-85 

mA 

•cc 

Power Supply Current 
(Note 5) 

Vcc = max. 

Ta = 25°C 


220 

335 

mA 

COM’L 

Ta = 0 to 70°C 



350 

Ta = 70X 



291 

MIL 

Tc = -55 to 125°C 



395 

Tc = 125°C 



258 


Notes; 1. For conditiohs shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5 0V, 25®C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short cirpuit test should not exceed one second. 

4. Yo_ 3 , DBo- 3 , SIOo, 3 > piOo ,3 and WRITE/MSS are three state outputs internally connected to TTL inputs. Z is an open-collector output internally 
connected to a TTL input. Input characteristics are measured under conditions such that the outputs are in the OFF state. 

5. Worst case Ice *8 at minimum temperature. 

6 . These input levels provide zero noise immunity and should only be static tested in a noise-free environment (not functionally tested). 
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I. Am29203 Guaranteed Commercial 
Range Performance 

The tables below specify the performance of the Am29203 
over the commercial operating range of 0 to +70°C, with Vcc 
from 4.75 to 5.25V. All data are in ns, with inputs switching 
between 0 and 3V at 1V/ns and measurements made at 1.5V. 

All outputs have maximum DC load. 

Clock and Write Pulse Characteristics 
All Functions 


Minimum Clock LOW Time 

30 

ns 

Minimum Clock HIGH Time 

30 

ns 

Minimum Time CP and WE 
both LOW to Write 

30 

ns 


Enable/Dlsable Times 
All Functions 


From 

To 

Enable 

Disable 


OEY 

Yi 

27 

25 

ns 

-OEB 

DBi 

31 

25 

ns 

<8 

SIOq, SIO3 


25 

ns 

>8765 

QIOq, QIO3 


60 

ns 

U321O 

QIOq, QIO3 

65 

60 

ns 

Iss 

WRITE 

31 

25 

ns 


Note: 

1 . Cl = 5.0pF for output disable tests. Measurement is made to a 0.5V 
change on the output. 


Combinational Delays 
All Functions 


Output 

From Input'"'-'--^^ 

Y 

^n-f4 

G, P 

Z(8) 

N 

OVR 

DB 


0 fO 

0 0 
5 0 

0 

0 

SIO3 

SlOo 

Parity 

WRITE 

A Address 
(Arith. Mode) 

B Address 

86 

81 

69 

110 

86 

108 

- 

- 

- 

84 

94 

115 

99 

88 

81 

123 

99 

112 

49 

- 


94 

104 

140 

A Address 
(Logic Mode) 

B Address 

87 

- 

68 

111 

89 

- 

- 

- 

- 

79 

94 

115 

84 

- 

73 

108 

84 

- 

49 

- 

- 

84 

90 

120 

DA Inputs 
(Arith. Mode) 

DB Inputs 

63 

60 

49 

87 

64 

89 

- 

- 

- 

60 

70 

101 

61 

59 

47 

85 

62 

84 

- 

- - 

- 

62 

68 

98 

DA Inputs 
(Logic Mode) 

DB Inputs 

64 

- 

48 

88 

66 

- 

- 

- 

- 

61 

72 

101 

55 

- 

32 

79 

57 

- 

- 

- 

- 

52 

61 

93 

EA 

59 

53 

42 

83 

59 

83 

- 

- 

- 

57 

64 

98 

Cn 

40 

30 

- 

64 

40 

58 

- 

- 

- 

38 

46 

67 

•0 

52 

48 

36 

76 

52 

63 

- 

49 


50* 

58* 

93* 

U321 

71 

65 

72 

95 

69 

84 

- 

49 

* 

66 * 

73* 

105* 

>8765 

42 

- 

- 

66 


- 

- 

50 

60* 

42* 

45* 

42* 

Ten 

- 

- 

- 

- 

- 

- 

- 

22 

- 

- 

- 

- 

SIO3, SlOo 

26 

- 

- 

50 

- 

- 

- : 

- 

- 

- 

29 

36 

Clock 

87 

87 

71 

111 

88 

108 

37 

- 

40 

84 

92 

105 

Y 

- 

- 

- 

24 

- 

- 

- 

- 

- 

- 

- 

- 

MSS 

44 


44 

68 

44 

44 

- 1 

- 

- 


46 

44 


Note: A means the output is enabled or disabled by the input. See enable and disable times. A number shown with a * is the delay to correct data 
on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the delay to correct the data is 
determined by something else. 


Setup and Hold Times 
All Functions 


CAUTION: READ NOTES. NA = Not Applicable; no timing constraint. 


To Output 


HIGH-to-LOW 

LOW-to-HIGH 



With Respect 
to this Signal 


L 




From Input 

Set-up 

Hold 

Set-up 

Hold 

Comment 

Y 

Clock 

NA 

NA 

20 

3 

To store Y in RAM or Q 

WE HIGH 

Clock 

25 

Note 2 

Note 2 

, 0 

To Prevent Writing 

WE LOW 

Clock 

NA 

NA 

30 

0 

To Write into RAM 

A, B as Sources 

Clock 

27 

3 

NA 

NA 

See Note 3 

B as a Destination 

Clock and WE both LOW 

6 

Note 4 

Note 4 

3 

To Write Data only into 
the Correct B Address 

QIOq, QIO3 

Clock 

NA 

NA 

21 

3 

To Shift Q 

>8765 

Clock 

24 

Note 5 

Note 5 

0 


eFThigh 

Clock 

30 

Note 2 

Note 2 

0 

To Prevent Writing *' 

lEN LOW 

Clock 

NA 

NA 

30 

0 

To Write into 0 

>43210 

Clock 

24 

- 

68 

0 

See Note P 


Notes; 

1. For setup times from aH inputs not specified, the setup time 
is computed by catculatTng the delay to stable Y outputs and 
then allowing the Y setup time. Even if the RAM is not being 
loaded, the Y setup time is necessary to setup the Q regis¬ 
ter. All unspecified hold times are less than or equal to zero 
relat ive to the clock LOW-to-HIGH edge. 

2. WE controls writing into the RAM. lEN controls writing into Q 
and, indirectly, controls WE through the write output. To pre¬ 
vent writing, lEN and WE must be HIGH during the entire clock 
LOW time. They may go LO W afte r the clock has gone LOW to 
cause a write provided the WE LOW and lEN LOW set-up 
tirnes are met. Having gone LOW, they should not be returned 
HIGH until after the clock has gone HIGH. 


3. A and B addresses must be set-up pr*' 
tion to capture data in latches_at P 

4. Writing occurs when CP and 
dress should be stable durim 

5. Because le/es control the 
RAM and Q, they shouK 
time unless lEN is Hk 

6. The set-up time prior to 
occurs in parallel with the Sb 
to-LOW transition and the cloc. 
time requirement on I 43210 . relativ 
transition, is the longer of (1) the i. 

L ->■ H, and (2) the sum of the set- 
H -► L and the clock LOW time. 
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II. Am29203 Guaranteed Military 
Range Performance 

The tables below specify the performance of the Am29203 
over the military operating range of -55 to +120°C, with Vcc 
from 4.50 to 5.50V. All data are in ns, with inputs switching 
between 0 and 3V at 1V/ns and measurements made at 1.5V. 

All outputs have maximum DC load. 

Clock and Write Pulse Characteristics 
All Functions 


Minimum Clock LOW Time 

40 

ns 

Minimum Clock HIGH Time 

40 

ns 

Minimum Time CP and WE 
both LOW to Write 

40 

ns 


Enable/Disable Times 
Ail Functions 


From 

To 

Enable 

Disable 


OEY 

Yj 

27 

25 

ns 

OEB 

DBj 

34 

25 

ns 

•a 

SIOq, SIO 3 


25 

ns 

•8765 

QlOo, QIO 3 


60 

ns 

•43210 

QIOq, QIO 3 

70 

60 

ns 

Tss 

WRITE 

34 

25 

ns 


Note: 

1. C|, = S.OpF for output disable tests. Measurement is made to a O.SV 
change on the output. 


Combinationai Delays 
All Functions 


^ Output 
From Input" 

Y 

Cn-l-4 

G, P 

Z(8) 

N 

OVR 

DB 


QlOo 

QIO3 

SlOo 

SIO3 

SlOo 

Parity 

WRITE 

A Address 
(Arith. Mode) 

B Address 

91 

85 

72 

116 

92 

115 


- 

- 

89 

98 

120 

101 

93 

84 

126 

102 

118 

52 

- 

- 

■ 

97 

106 

148 

A Address 
(Logic Mode) 

B Address 

92 

- 

72 

117 

93 

- 

- 

- 


84 

98 

120 

86 


73 

111 

89 

- 

52 

- 

_ 

86 

92 

125 

DA Inputs 
(Arith. Mode) 

DB Inputs 

64 

62 

51 

89 

66 

94 

- 

- 

- 

62 

71 

107 

63 

60 

48 

88 

63 

89 

- 



64 

68 

100 

DA Inputs 
(Logic Mode) 

DB Inputs 

65 

- 

51 

90 

67 

- 

- 

■ - 


62 

72 

108 

56 


32 

81 

57 

- 

- 

- 


52 

63 

100 

EK 

60 

56 

43 

85 

60 

87 

- 

- 

- 

58 

64 

103 

Cn 

40 

30 

_ 

65 

40 

59 

- 

- ' 


38 

46 

69 

•0 

52. 

50 

36 

77 

52 

66 

- 

53 

* 

51* 

58* 

96* 

•4321 

72 

69 

73 

97 

71 

88 

' - 

53 

* 

66* 

75* 

111* 

•8765 

44 


- 

69 

- 

- 

- 

50 

65* 

42* 

45* 

42* 

lEN 


- 

- 

- 

- 


- 

24 

- ■; 

- 

- 

- 

SIO3, SlOo 

26 

- 

- 

51 

- 

- 

- 

- 

- 

- 

29 

36 

Clock 

89 

90 

74 

114 

89 

116 

39 

- 

42 

91 

96 

110 

Y 

- 

- 

- 

25 

-■ 



- 

- 

- 

- 

- 


45 

- 

44 

70 

44 

44 

- 

- 

- 

44 

46 

44 


Note: A means the output is enabled or disabled by the input. See enable and disable times.. A number shown with a * is the delay to correct data 
on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the delay to correct the data is 
determined by something else. 

Setup and Hold Times 
All Functions 

CAUTION: READ NOTES. NA = Not Applicable; no timing constraint. 




HIGH-to-LOW 

LOW-to-HIGH 



With Respect 
to this Signal 






Input 

Set-up 

Hold 

Set-up 

Hold 

Comment 

Y 

Clock 

NA 

NA 

23 

3 

To store Y in RAM or Q 

WE HIGH 

Clock 

25 

Note 2 

Note 2 

0 

To Prevent Writing 

WE LOW 

Clock 

NA 

NA 

35 

0 

To Write into RAM 

A, B as Sources 

Clock 

38 

3 

NA 

NA 

See Note 3 

B as a Destination 

Clock and WE both LOW 

6 

Note 4 

Note 4 

3 

To Write Data only into 
the Correct B Address 

QIOq, QIO3 

Clock 

NA 

NA 

23 

3 

To Shift Q 

•8765 

Clock 

24 

Note 5 

Note 5 

0 


lEN HIGH 

Clock 

30 

Note 2 

Note 2 

0 

To Prevent Writing into Q 

eITlOw 

Clock 

NA 

NA 

30 

0 

To Write into Q 

•43210 

Clock 

24 

- 

74 

0 

See Note 6 


Notes: 

1. For setup times from all inputs not specified, the setup time 
is computed by calculating the delay to stable Y outputs and 
then allowing the Y setup time. Even if the RAM is not being 
loaded, the Y setup time is necessary to setup the Q regis¬ 
ter. All unspecified hold times are less than or equal to zero 
relative to the clock LOW-to-HIGH edge. 

2. WE controls writing intojhe RAM. lEN controls writing into Q 
and, indirectly, controls WE through the write output. To pre¬ 
vent writing, lEN and WE must be HIGH during the entire clock 
LOW time. They may go LOW after the clock has gone LOW to 
cause a write provided the WE LOW and lEN LOW set-up 
times are met. Having gone LOW, they should not be returned 
HIGH until after the clock has gone HIGH. 


3. A and B addresses must be set-up prior to clock LOW transi¬ 
tion to capture data in latches at RAM output. 

4. Writing occurs when CP and WE are both LOW. The B ad¬ 
dress should be stable during this entire period. 

5. Because leyes control the writing or not writing of data into 
RAM and Q, they should be stable during the entire clock LOW 
time unless lEN is HIGH, preventing writing. 

6 . The set-up time prior to the clock LOW-to-HIGH transition 
occurs in parallel with the set-up time prior to the clock HIGH- 
to-LOW transition and the clock LOW time. The actual set-up 
time requirement on I 43210 , relative to the clock LOW-to-HIGH 
transition, is the longer of (1) the set-up time prior to clock 
L -> H, and (2) the sum of the set-up time prior to clock 
H -*■ L and the clock LOW time. 
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Am29203 Guaranteed Commercial 
Range Performance 

The tables below specify the guaranteed performance of the 
Am29203 over the commercial operating range of 0 to +70°C, 
with Vcc ^rom 4.75 to 5.25V. All data are in ns, with inputs 
switching between 0 and 3V at 1V/ns and measurements made 
at 1.5V. All outputs have maximum DC load. 


Clock Characteristics 
All Functions 


Minimum Clock LOW Time 

30 

ns 

Minimum Clock HIGH Time 

30 

ns 

Minimum Time CP and WE* 
both LOW to Write 

30 

ns 


Output Enable/Disable Times 
All Functions 

Output disable tests performed with Cl = 5pF and measured 
to 0.5V change of output voltage level. 


From 

To 

Enable 

Disable 


OEY 

Yj 

27 

25 

ns 

OEB 

DBj 

31 

25 

ns 

*8 

SIOq, SIO 3 


25 

ns 

•8765 

QlOo, QIO3 


60 

ns 

•43210 ! 

QlOo, QIO3 

65 

60 

ns 

Iss 

WRITE 

31 

25 

ns 


Combinational Propagation Delays 
Cl = 50pF 
Standard Functions 


Output 

From InpuT''''^'--...^ 

— 

Y 

— 

Cn+4 

G,P 

z 

N 

OVR 

DA 

DB 

WR 

QlOo 

QIO 3 

SlOo 

SIO 3 

slOo 

Parity 

AAddr 

68 

56 

52 

72 * 

61 

67 

24 


- 

- 

- 

42 

62 

78 

B Addr 

65 

52 

49 

70 

60 

64 

- 

24 

- 

- 

- 

38 

60 

76 

DA 

55 

40 

43 

62 

50 

53 

- 

- 

- 

- 

- 

30 

53 

65 

DB 

59 

49 

44 

65 

54 

55 

- 

- 

- 

- 

- 

32 

56 

60 

Cn 

40 

18 

- 

32 

26 

24 

- 

-• 

- 

- 

- 

21 

27 

38 

• 8-0 

64(1) 

65 

50 

72(1) 

59 

68 1 

- 

- 

26 

21 ( 2 ) 

20 ( 2 ) 

53 (2) 

60(2) 

74(2) 

Clock 

60 

43 

43 

62 

55 

59 

21 

21 1 

- 

21 

21 

36 

55 

60 

lEN 

- 

- 

- 

- 

- 

- 

- I 


22 

- . 

- 

- 

- 

- 

M^ 

44 

- 

44 

68 

44 

44 

- 

- ' 

- 

- 

- 

44 

46 

44 

SIOo-3 

23 

- 

- 

29 

- 


- 

- 

- 

- 

- 

- 

29 

17 


Notes: 

1. A (1) means the output depends on the other input disabled 
or enabled by the controlling inputs. The number shown is 
based op all other inputs enabled with valid data applied. 

2. A (2) means the output is enabled or disabled by the input. 
See Output Enable/Disable times. A number shown with a 
(2) is the delay to correct data on an enabled output., 

3. A means the delay path does not exist. 


Setup and Hold Times 
All Fun:j:tions 

CAUTION: READ NOTES. NA = Not Applicable; no timing constraint. 


To Output 


HIGH-to-LOW 

LOW-to-HIGH 



With Respect 
to this Signal 






From Input 

Setup 

Hold 

Setup 

Hold 

Comment 

Y 

Clock 

NA 

NA 

18 

3 

To Store Y in RAM or Q 

WEHIGH 

Clock 

10 

Note 2 

Note 2 

0 

To Prevent Writing 

WE LOW 

Clock 

NA 

NA 

16 

0 

To Write into RAM 

A, B as Sources 

Clock 

17 

3 

NA 

NA 

See Note 3 

B as a Destination 

Clock and WE both LOW 

6 

Note 4 

Note 4 

3 

To Write Data Only into 
the Correct B Address 

QIOq, QIO 3 

Clock 

NA 

NA 

14 

3 

To Shift Q 

•8765 

Clock 

12 

Note 5 

Note 5 

0 


lENHIGH 

Clock 

20 

Note 2 

Note 2 

0 

To Prevent Writing into Q 

ilNLOW 

Clock 

NA 

NA 

18 

0 

To Write into Q 

•43210 

Clock 

12 

- 

35 

0 

See Note 6 


4. Writing occurs when CP and WE are both LOW. The B 
address should be stable during this entire period. 

5. Because Ie 765 control the writing or not writing of data into 
RAM and Q, the y sho uld be stable during the entire clock 
LOW time unless lEN is HIGH, preventing writing. 

6. The setup time prior to the clock LOW-to-HIGH transition 
occurs in parallel with the setup time prior to the clock 
HlGH-to^LOW transition and the clock LOW time. The ac¬ 
tual setup time requirement on I 43210 . relative to the clock 
LOW-to-HIGH transition, is the longer of (1) the setup time 
prior to clock L-^ H, and (2) the sum of the setup time prior 
to clock H L and the clock LOW time. 


Notes: 

1. For setup times from all inputs not specified in Table B, the 
setup time is computed by calculating the delay to stable Y 
outputs and then allowing the Y setup time. Even if the RAM 
is not being loaded, the Y setup time is necessary to setup 
the Q register. All unspecified hold times are less than or 
equa l tp zero relative to the clock LOW-to-HIGH edge. 

2. WE controls writing i nto th e RAM. lEN controls writing into 
Q. To prevent writing, lEN and WE must be HIGH during the 
entire clock LOW time. They may go LOW after the clock 
has gone LOW to cause a write provided the Wl” LOW 
and lEN LOW setup times are met. Having gone LOW, 
they should not be returned HIGH until after the clock has 
gone HIGH. 

3. A and B addresses must be setup prior to clock LOW tran¬ 
sition to capture data in latches at RAM output. 
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Am29203 Guaranteed Commercial 
Range Performance 

The Am29203 switching characteristics are a function of the 
power supply voltage, the temperature, and the operating 
mode of the device. The data has been condensed onto the 
tables on the following pages. These tables define the speeds 
of the combinational paths for each of the special functions. 


Data is shown in bold type vyhere different from the tirhing 
specifications for the standard functions. Except where other¬ 
wise noted, data is taken with inputs switching between 0 and 
3.0V at IV/ns, with the measurement point at 1.5V. Outputs are 
measured at 1.5V and are loaded with Cl = 50pF and 
maximum DC load. 


SPECIAL FUNCTIONS 


(Hex) 

isiriels 

u 

(Hex) 

I 3 I 2 I 1 I 0 

Available 

On 

Special 

Function 

0 

L 

0 

Am2903 

Am29203 

Unsigned Multiply 

1 

L 

0 

Am29203 

BCD to Binary 
Conversion 

1 

H 

0 

Am29203 

Multiprecision 

BCD to Binary 

2 

L 

0 

CO 
CO 0 
0 CM 
CJ> o> 
CM CM 

E e 
< < 

Two’s Complement 
Multiply 

. 

3 i 

i 

L 

0 

Am29203 

Decrement by 

One or Two 

4 I 

L 

0 

Am2903 

Am29203 

Increment by 

One or Two 

5 . 

L 

0 

Am2903 

Am29203 

Sign/Magnitude 

Two’s Complement 

i 

L 

j- 

0 

Am2903 

Am29203 

Two’s Complement 
Multiply Last Cycle 

■ 7 ^ i 

L 

0 

Am29203 

BCD Divide by Two 


(Hex) 

I 4 

(Hex) 

Wilo 

Available 

On 

Special 

Function 

8 

L 

0 

Am2903 

Am29203 

Single Length 

Normalize 

9 

L 

0 

Am29203 

Binary to BCD 
Conversion 

9 

H 

0 

Am29203 

Multiprecision 

Binary to BCD 

A 

L 

0 

— 

Am2903 

Am29203 

Double Length 
Normalize and First 
Divide Op 

B 

L 

0 

Am29203 

BCD Add 

C 

L 

0 

CO 0 

CM CM 

E E 
< < 

Two’s Complement 
Divide 

D 

L 

0 

Am29203 

BCD Subtract 

E 

L 

0 

CO 

CO 0 

0 CM 

Oi CJ> 

CM CM 

E E 
< < 

Two’s Complement 
Divide Correction 
and Remainder 

F 

L 

0 

Am29203 

BCD Subtract 


BCD Functions 
SFi, SF 7 , SFg, SFb, SFq, SFp 


Output 

From Input'"'^^-,,...,^^^ 

Y 

Cn+4 

G,P 

Z 

N 

OVR 

DA 

DB 

WR 

QlOo 

QIO 3 

SlOo 

SIO 3 

SlOo 

Parity 

A, Addr 

76 

65 

76 

84 

76 

76 

24 

- 

- 

- 

- 

76 

52 

85 

B, Addr 

82 

65 

76 

83 

76 

76 

- 

24 

- 

- 

- 

76 

52 

85 

DA 

60 

41 

53 

58 

53 

53 

- 

- 

- 

_ 

- 

- 

- 

- 

DB 

59 

41 

50 

50 

50 

50 

- 

- 

- 

- 

- 

58 

41 

79 

Cn 

40 

22 

- 

32 

34 

34 

- 

- 

- 

- 

- 

38 

44 

43 

•e-o 

77(1) 

55 

44 

70(1) 

59 

62 

- 

- 

26 

21 ( 2 ) 

21 ( 2 ) 

81 ( 2 ) 

55 (2) 

86 ( 2 ) 

Clock 

76 

59 

70 

78 

70 

70 

21 

21 

- 

21 

21 

70 

46 

83 

lEN 

- 

- 


- 

- 

- 

- 

- 

22 

- 

- 

- 

- 

- 


44 

- 

44 

68 

44 

44 

“ i 

- : 

- 

- 

- 

44 

46 

44 

SIOo-3 

23 

- 

- 

29 1 

- 


-• 

- 

- 

- 

- 

_' 

- 

17 


Notes: 

1. A (1) means the output depends on the other input disabled 
or enabled by the controlling inputs. The number shown is 
based on all other inputs enabled with valid data applied. 

2. A (2) means the output is enabled or disabled by the input. 


See Output Enable/Disable times. A number shown with a 
(2) is the delay to correct data on an enabled output. 

3. A means the delay path does not exist. 


5-366 








Guaranteed Combinational Delays 
Ta = 0 to +70X, Vcc = 4.75 to 5.25V 
Special Functions 0,2,6 


Am29203 


^''"^--.,^10 Output 
From Input"'^^^ 


Y 

. Cn+4 

G,P 

Z 

N 

OVR 

' 

SlOo 

— 

DA, DB 

QiOo-3 

WR 

A, B Addr 

MSS 

68 

56 

- 

- 

61 

67 

42 

24 

- 

- 

IS 

68 

56 

52 

- 

- 

- 

42 

24 

- 

- 

LSS 

68 

56 

52 

- 

- 

- 

42 

24 

- 

- 

DA, DB 

MSS 

59 

49 

- 

- 

- 

- 

32 

- 

- 

- 

IS 

59 

49 

48 

- 

- 

~ 

32 

- 

- 

- 

LSS 

59 

49 

48 

- 

- 


32 

- 

- 

- 

Cn 

MSS 

40 

ia 

- 

- 

- 

- 

21 

- 

- 

- 

IS 

40 

18 


- 

- 

- 

21 

- 

- 

- 

LSS 

40 

18 

- 

- 

- 

- 

21 

- 

- 

- 

*0-5 

MSS 

84(1) 

67 

- 

- 

74 

74 

68 

- 

21 

- 

IS 

84(1) 

67 

74 

- 

- 

- 

68 

- 

21 

- 

LSS 

84(1) 

67 

74 

31 

- 

- 

68 

- 

21 

26 

Clock 

MSS 

60 

43 

- 

- 

55 

59 

36 

21 

21 

- 

IS 

60 

43 

43 

- 

- 

- 

36 

21 

21 

- 

LSS 

60 

43 

43 

29 

- 

- 

36 

21 

21 

- 

Z 

MSS 

71 

52 

- 

- 

64 

60 

42 

- 

- 

- 

IS 

71 

52 

50 

- 


- 


- 

1-- 


lEN 


- 

- 

- 

- 

- 

- 


i 


1 

22 

SIOo-3 


23 

- 

- 

- 

- 

- 

-■ 

1 - 

- 

- 


3F 0: 


SF 2: 


SF6: 


F 

= S + Cn if Z = 0 

F 

= S + Cn if z = 0 

F 

= S + Cn if z = 0 


S + R + Cn if Z = 1 


R + S + Cn if Z = 1 


S - R - 1 + CnifZ 

Y3 

= Cn+4(MSS) 

Y3 

= F3 © OVR (MSS) 

Y 3 

= OVR © F3 (MSS) 

Z 

= Qo(LSS) 

Z 

= Qo(LSS) 

Z 

= Qo(LSS) 


Guaranteed Combinational Delays 
tA = 0 to +70^, Vcc = 4.75 to 5.25V 
Special Functions 3 and 4 


Output 

From Input^^"^-,.^ 


Y 

Cn+4 

- ;— 

G,P 

z 

N 

OVR 

SIO3 

Parity 

DA, DB 

QIOo-3 

WR 

A, B Addr 

MSS 

68 

56 

- 

72 

61 

67 

78 

24 

- 

- 

IS 

68 

56 

52 

72 

- 

- 

78 

24 

- 

- 

LSS 

68 

56 

52 

72 

- 

- 

78 

24 

- 

- 

DA, DB 

MSS 

59 

49 

- 

65 

54 

55 

65 

- 

- 

- 

IS 

59 

49 

48 

65 

- 

- 

65 

- 

- 

- 

LSS 

59 

49 

48 

65 

- 

- 

65 

- 

- 

- 

Cn 

MSS 

40 

18 

- 

32 

26 

24 

38 

- 

- 

- 

IS 

40 

18 

- 

32 

- 

- 

38 

- 

- 

- 

LSS 

40 

18 

- 

32 

- 

- 

38 


- 

- 

10-6 

. 

MSS 

54 

52 

- 

54 

52 

64 

74 

- 

21 

- 

la 

54 

52 

40 

54 

- 

- 

74 

- 

21 

- 

LSS 

- 1 

54 

52 

40 

54 

- 

- 

74 

- 

21 

- 

Clock 

1 

MSS 

60 

43 

- 

62 

55 

59 

60 

21 

21 

- 

IS 

60 

43 

43 

62 

- 

- 

60 

21 

21 

- 

LSS 

60 

43 

43 

62 

- 

- 1 

60 

21 

21 

- 

Z 

Z is an Output for all Slices j 

lEN 


- 

- 

- 

- 

- 

- 


- 

- 

22 

SIOo_3 


23 

- 

- 

- 

- 

- 


- 

- 

- 


SF 3: SF 4: 

F=S-2 + Cn F=S+1+Cn 
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Am29203 

Guaranteed Combinational Delays 
Ta = 0 to +7(rc, Vcc = 4.75 to 5.25V 
Special Function 5 


Output 

From Input"'"^-.,^ 


Y 

Cn+4 

G,^ 

Z 

N 

OVR 

SIO 3 

DA, DB 

QIOo-3 

Wi 

A, B Addr 

MSS 

96 

56 

- 

43 

96 

67 

78 

24 

- 

- 

ISS 

68 

56 

52 

- 

- 

- 

78 

24 

- 

- 

LSS 

68 

56 

52 

- 

- 

~ 

78 

24 

~ 

- 

DA, DB 

MSS 

90 

49 

- 

- 

89 

55 

65 

- 

' 


ISS 

59 

49 

48 

- 



65 

- 


- 

LSS 

59 

49 

48 

- 

- 

_ 

65 

- 

- 

- 

Cn 

MSS 

40 

18 

- 

■- 

28 

24 

38 

- 

- 

- 

ISS 

40 

18 

- 

- 

- 

- 

38 

- 

- 

- 

LSS 

40 

18 

- 

- 

- 


38 

- 

- 

- 

' 0-5 

MSS 

94 

64 

- 

31 

94 

88 

97 

- 

21 

- 

ISS 

83 

64 

64 

- 



86 

- 

21 

- 

LSS 

83 

64 

64 

- 

- 


86 

- 

21 

26 

Clock 

MSS 

97 

43 

- 

38 

89 

59 

60 

21 

21 

- 

ISS 

60 

43 

64 

- 

! ' 

- 

60 

21 

21 

- 

LSS 

~60 

43 

64 

- 

■ 

- 

60 ~ 

21 

21 

- 

Z 

IS 

62 

44 

43 

- 

- i 

- 

85 

- 

- 

- 

LSS 

62 

44 

43 

- 

_ 

- 

85 

- 

- 

- 

lEN 


- ■ 

- 

- 

- 

- 

- ' 

- 

- 

- 

- 

SiOo-3 


23 i 

- 

- 

- 

- 

- 

- 

- 

- 

22 


SF 5: 

F - S + Cn if Z = 0 
S + Cn if Z = 1 
Y3 =$3© F3(MSS) 

Z - S3 (MSS) 

Guaranteed Combinational Delays 
Ta = 0 to+70^, Vcc = 4.75 to 5.25V 
Special Function 8 


Output 

From Input"^"---^ 


Y 

Ch+4 

G,P 

Z 

N 

OVR 

SIO 3 

DA, DB 

QIOo-3 

w 

A, B Addr 

MSS 

68 

- 

- 

, - 


- 

62 

24 

- 

- 

IS 

68 

56 

52 

- 

- 

- 

62 

24 

- 

- 

LSS 

68 

56 

52 

- 

- 

- 

62 

24 

- 

- 

DA, DB 

MSS 

59 

- 

- 

- 

- 

- 

56 

- 

- 

- 

IS 

59 

49 

48 


- 

- 

56 

- 

- 

- 

LSS 

59 

49 

48 

- 

- 

- 

56 

- 

- 

- 

Cn 

MSS 

40 

- 

- 

- 

- 

- 

27 


- 

- 

IS 

40 

18 

- 

- 

- 

- 

27 

- 

- 

- 

LSS 

40 

18 

- 

- 

- 

- 

27 

- 

- 

- 

• 0-5 

MSS 

61 

43 

- 

28 

23 

24 

60 

- 

21 i 

- 

IS 

52 

66 

40 

28 

- 

- 

60 

- 

21 

- 

LSS 

52 

66 

40 

28 

- 

- 

60 

- 

21 

26 

Clock 

MSS 

60 

27 

- 

29 

23 

28 

55 

21 

21 

- 

IS 

60 

43 

43 

29 

- 

- 

55 

21 

21 

- 

LSS 

60 

43 

43 

29 

- 

- 

55 

21 

21 


Z 

IS 

Z is an Output for all Slices 

LSS 

Ten 


- 

- 

- 

- 

- 

- 

- 

- 


22 

SIOo-3 


23 

- 

. - 

- 

- 

- 

- 

- 

- 

- 


SF8: 

F = S + Cn 
Cn+4 = Q 3 : © Q2(MSS) 
OVR = Qg © Qi (MSS) 
N 

Z = QqQi Q2Q3 
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Guaranteed Combinational Delays 

Ta = 0 to +70X, Vcc = 4.75 to 5.25V 
Special Function A 

Am29203 

^^^--^,,10 Output 

From Input'"'^--.-^ 

Y 

Cn+4 G,P Z N OVR 

SIO 3 DA, DB QIOo -3 WR 



59 

49 

48 

40 

37 

- 

40 

18 

- 

40 

18 

- 

61 ( 1 ) 

70 

- 

52(1) 

66 

40 

52(1) 

66 

40 

60 

' ^4 

- 

60 

43 

43 

60 

* 43 

43 


23 

^ - 

- 

23 

- 

- 


52 66 



Z is an Output for all Slices 


F S + Cn 
N - F3 (MSS) 

SIO3 = F3 © R3 (MSS) 
Cn+4 = F 3 © F2 (MSS) 

Z = Q0Q1Q2Q3F0F1F2F3 


To Output 


From Input 


Guaranteed Combinational Delays 
Ta = 0 to +70°C, Vcc = 4.75 to 5.25V 
Special Function C 



Y 

Gn +4 

G,P 

Z 

N 

OVR 

SIO3 

DA, DB 

QiOo~3 

WR 

MSS 

68 

56 

- 

- 

61 

67 

62 

.4 

- 

- 

IS 

68 

56 

52 

- 

- 

- 

62 

24 

- 

- 

LSS 

68 

56 

52 

- 

- 

■ 

62 

24 

- 

- 

MSS 

59 

^49 

: 

- 

54 

55 

56 

- ■ 

- 

- 

IS 

59 

CO 

CD 

- 

- 

- 

56 

- 

- 

- 

LSS 

59 

49 

48 

- 

- 

- 

56 

- 

- 

- 

MSS 

40 

18 

- 


26 

24 

40 

- 

-- 

- 




= R + S + Cn if Z = 0 
S - R - 1 + Cn if Z = 1 
= F 3 0 R 3 (MSS) 

= F 3 © R 3 (MSS) from previous cycle 














Am29203 

Guaranteed Combinational Delays 
Ta = 0 to+70X, Vcc = 4.75 to 5.25V 
Special Function E 


^^""^>..,10 Output 
From Inpur""^--...^ 


Y 

Cn+4 

0,p 

Z 

N 

OVR 

SIO 3 

DA, DB 

QIOo-3 

WR 

A,BAddr 

MSS 

68 

56 

- 

- 

61 

67 

62 

24 

- 


IS 

68 

56 

52 

- 

- 

- 

62 

24 

- 

- 

LSS 

68 

56 

52 

- 

- 

- 

62 

24 

- 

- 

DA, DB 

MSS 

59 

49 

- 

- 

54 

55 

56 


. 

- 

IS 

59 

49 

48 

- 

■ 

- 

56 

- 


- 

LSS 

59 

49 

48 

- 


- 

56 

- 

- 

- 

Cn 

MSS 

40 

18 

- 

- 

26 

24 

27 

- 

- 

- 

IS 

40 

18 

- ^ 

- 


~ 

27 

- 

- 

- 

LSS 

40 

18 

- 

- 

- 

- 

27 

- 

- 

- 

>0-5 

MSS 1 

91 

70 

- 

28 

77 

72 

79 

- 

21 

- 


68 

65 

61 

- 

- 

- 

66 

- 

21 

- 

LSS 

68 

65 

61 

- 

- i 


66 

- 

21 

26 

Clock 

MSS 

60 

43 

- 

30 

55 

59 

55 

21 

21 

- 

IS 

60 

43 

43 

- 

- 

- 

55 

21 

21 

- 

LSS 

60 

43 

43 

- 

- 

- 

55 

21 

21 

- 

Z 

IS 

62 

44 

46 

- 

- 

- ■ 

65 

- 

- 

- 

LSS 

62 

44 

46 

- 

- 

- 

65 

- 

- 

- 

lEN 


- 

- 

- 

- 

- 

- 

- 

- 

- 

22 

SIOo-3 1 

■ 

23 

- 


- 

- 

- 

_1 

- 

- 

- 


SFE: 

F = R + S + Cn if Z = 0 
S^R-1 +CnifZ =1 
Z = F3 © R3 (MSS) from previous cycle 
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USING THE Am29203 

Am29203 APPLICATIONS 

The Am29203 is designed to be used in microprogrammed 
systems. Figure 1 illustrates a recommended architecture. The 
control and data Inputs to the Am29203 normally will all come 
from registers clocked at the same time as the Am29203. The 
register inputs come from a ROM or PROM - the “micropro¬ 
gram store.’’ This memory contains sequences of microinstruc¬ 
tions which apply the proper control signals to the Am29203s 
and other circuits to execute the desired operation. 

The address lines of the microprogram store are driven from the 
Am2910 Microprogram Sequencer. This device has facilities for 
storing an address, incrementing an address, jumping to any 
address, and linking subroutines. The Am2910 is controlled by 
some of the bits coming from the microprogram store. Essen¬ 
tially, these bits are the “next instruction’’ control. 


Figure 1. Typical Microprogram Architecture. 


MAP 



One Level Pipeline Based System 


Note that with the microprogram register in between the micro¬ 
program memory store and the Am29203s, a microinstruction 
accessed on one cycle Is executed on the next cycle. As one 
microinstruction is executed, the next microinstruction is being 
read from microprogram memory. In this configuration, system 
speed is improved because the execution time in the 
Am29203s occurs in parallel with the access time of the mi¬ 
croprogram store. Without the “pipeline register,’* these two 
functions must occur serially. 

Expansion of the Am29203 

The Am29203 is a four-bit CPU slice. Any niJmber of Am29203s 
can be Interconnected to form CPUs of 8,16,32, or more bits, in 
four-bit increments. Figure 2 Illustrates the interconnection of 
four Am29203s to form a 16-bit CPU, using ripple carry. 

With the exception of the carry interconnection, all expansion 
schemes are the same. The QIO 3 and SIO 3 pins are bidirectional 
left/right shift lines at the MSB of the device. For all devices 
except the most significant, these lines are connected to the QIOq 
and SlOo pins of the adjacent more significant device. These 
connections allow the Q registers of all Am29203s to be shifted 
left or right as a contiguous n-bit register, and also allow the ALU 
output data to be shifted left or right as a contiguous n-bit word 
prior to storage In the RAM. At the LSB and MSB of the CPU, the 
shift pins should be connected to a shift multiplexer which can be 
controlled by the microcode to select the appropriate Input sig¬ 
nals to the shift inputs. 

De vice 1 has been defined as the least significant slice (LSS) and 
Its LSS pin has accord i ngly been grounded. The Write/Most 
Significant Slice (WRITE/MSS) pin of device 1 is now defined as 
being the Write output, which may now be used to drive the write 
enable (WE) signal common to the four devices. Devic es 2 a nd 3 
are designated as intermediate slices and hence the LSS and 
WRITE/MSS pins are tied HI GH. C auti on: W /MSS must be tied 
to Vcc through a resistor; W/MSS and LSS may not be shorted 
directly together. Device 4 is designated the most significant slice 
(MSS) with the LSS pin tied HIGH and the WRITE/MSS pin held 
LOW. The open collector, bidirectional Z pins are tied together for 
detecting zero or for inter-chip communication for some special 
instruction. The Carry-Out (Cn+ 4 ) is connected to the Carry-In 
(Cn) of the next chip in the case of ripple carry. For a faster carry 
scheme, an ^29(^ may be employed (as shown in Figure 3) 
such that th^ an^ outputs of the Am2903 are connected to the 
appropriate G and P inputs of the Am2902, while the Cn+x. Cp+y. 
and Cn+z outputs of the Am2902 ar^connected to the Cp input of 
the appropriate Am2903. Note that G/N and P/OVR pin functions 
are device dependent. The most sjgnific^t slice outputs N and 
OVR while all other slices output G and P. 


Figure 2. 16-Bit CPU with Ripple Carry. 
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The lEN pin of the Am 2920 3 allows the option of conditional 
instruction execution. If lEN is LOW, all internal clocking is en- 
abled, allowing the latches, RAM, and Q Register to function. If 
lEN Is HIGH, the R AM a nd Q Register are di sabled. T he RAM Is 
controlled by lEN if WE is connected to the WRITE output. 

It would be appropriate at this point to mention that the Am29203 
may be microcoded to work In either two-or three-address ar¬ 
chitecture modes. The two-address modes allow A-i-B“> B while 
the three-address mode makes possibleA-i-B->G. Implementa¬ 
tion of a three-address architecture is made possible by vary¬ 
ing the timing of lEN in relationship to the external clock and 
changing the B address as shown In Figure 4. This technique is 
discussed in more detail under Memory Expansion. 


Parity 

The Am29203 computes parity on a chosen word when the 
instruction bits I 5-8 ^^ve the values of 4ie to T-te as shown in 
Table 3. The computed parity is the result of the exclusive OR 
of the Individual ALU outputs and SIO 3 . Parity output is found 
on SIOq. Parity between devices may be cascaded by the In¬ 
terconnection of the SlOo and SIO 3 ports of the devices as 
shown In Figure 3. The equation for the parity output at SIOq 
port of device 1 is given by SIOq = F 15 V F 14 V F 13 V ... V Fi 
VF 0 VSIO 15 . 


Figure 3. 16-Blt CPU with Carry Look Ahead. 


MSS 

DEVICE 4 


DEVICE 2 


LSS 

DEVICE 1 



QIOq 

SlOo 

CARRY 

IN 


Figure 4. Relationship of lEN and Clock During Two Address and Three Address Modes. 


EXTERNAL CLOCK 



THREE ADDRESS MODE 



\_ _ /~ 

~ X ) @ ( ) C~ 
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Figure 5. Sign Extend. 


DEVICE 4 DEVICE 3 DEVICE 2 DEVICE 1 



Sign Extend 

Sign extension across any number of Am29203 devices can be 
done in one microcycle. Referring again to the table of instruc¬ 
tions (Table 3), the sign extend instruction (Hex instruction E) 
on l 5_8 causes the sign present at the SIOq port of a device 
to be extended across the device and appear at the SIO3 port 
and at the Y outputs. If the least significant bit of the instruc¬ 
tion (bit I5) is HIGH, Hex instruction F is present on Ig-e, 
commanding a shifter pass instruction. At this time, F 3 of the 
ALU is present on the SIO3 output pin. It is then possible to 
control the extension of the sign across chip boundaries by 
controlling the state of I 5 when le-s are HIGH. Figure 5 out¬ 
lines the Am29203 in sign extend mode. With Ig-s held HIGH, 
the individual chip sign extend is controlled by Isa-d- for 
example, I 5 A and I 5 B are HIGH while I 5 C and I 50 are LOW, 
the signal present at the boundaries of devices 2 and 3 (F3 of 
device 2) will be extended across devices 3 and 4 at the SIO3 
pin of device 4. The output of the four devices will be avail¬ 
able at their respective Y data ports. The next positive edge 
of the clock will load the Y outputs into the address selected 
by the B port. Hence, the results of the sign extension is 
stored In the RAM. 

SPECIAL FUNCTIONS 

When I 0-4 = 0-, the Am2903 is in the Special Function mode. In 
this mode, both the source and destination are controlled by \s-q. 
The Special Functions are in essence special microinstructions 
that are used to reduce the number of microcycles needed to 
execute certain functions in the Am29203. 

NORMALIZATION, SINGLE- AND DOUBLE-LENGTH 

Normalization is used as a means of referencing a number to a 
fixed radix point. Normalization strips out all leading sign bits such 
that the two bits Immediately adjacent to the radix point are of 
opposite polarity. 

Normalization is commonly used in such operations as fixed-to- 
floating point conversion and division. The Am2903 provides for 
normalization by using the Single-Length and Double-Length 
Normalize commands. Figure 6 a represents the Q Register of a 
16-blt processor which contains a positive number. When the 
Single-Length Normalize command is applied, each positive 
edge of the clock will cause the bits to shift toward the most 
significant bit (bit 15) of the Q Register. Zeros are shifted In via the 
QIOq port. When the bits on either side of the radix point (bits 14 
and 15) are of opposite value, the number is considered to be 
normalized as shown in Figure 6 b. The event of normalization is 
externally indicated by a HIGH level on the Cn-i -4 pin of the most 
significant slice (Cn +4 MSS = Q 3 MSS V Q 2 MSS). 


Figure 6. 
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a) Unnormalized Positive Number. 
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3 2 10 


110 0 


b) Normalized Positive Number. 

There are also provisions made for a normalization indication 
via the OVR pin one microcycle before the same indication Is 
available on the Cn +4 pin (OVR ^ Q 2 MSS V Q-j MSS). This 
is for use in applications that require a stage of register buffer¬ 
ing of the normalization indication. 

Since a number comprised of all zeros is not considered for 
normalization, the Am29203 Indicates when such a condition 
arises. If the Q Register is zero and the Single-Length Normaliza¬ 
tion command is given, a HIGH level will be present on the Z line. 
The sign output, N, indicates the sign of the number stored in 
the Q register, Q 3 MSS. An unnormalized negative number 
(Figure 7a) is normalized in the same manner as a positive 
number. The results of single-length normalization are shown 
in Figure 7b. The device interconnection for single-length 
normalization is outlined in Figure 8 . During single length 
normalization, the number of shifts performed to achieve 
normalization can be counted and stored in one of the work¬ 
ing registers. This can be achieved by forcing a HIGH at the 
Cn input of the least significant slice, since during this special 
function the ALU performs the function [B] -f Cp and the re¬ 
sult is stored in B. 

Normalizing a double-length word can be done with the Double- 
Length Normalize command which assumes that a user-selected 
RAM Register contains the most significant portion of the word to 
be normalized while the Q Register holds the least significant half 
(Figure 9). The device Interconnection for double-length normal¬ 
ization is shown in Figure 10 . The Cn 4 . 4 , OVR, N, and Z outputs of 
the most significant slice perform the same functions in double¬ 
length normalization as they did in single-length normalization 
except that Cn+ 4 , OVR, and N are derived from the output of the 
ALU of the most significant slice in the case of double-length 
normalization. Instead of the Q Register of the most significant 
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a) Unnormalized Negative Single Length Number. b) Normalized Negative Single Length Number 


Figure 8. Single Length Normalize. 


F = (B1 + Cn, F.- Y, B 2Q - Q 



Figure 9. Double Length Word. 



F = IB1+Cn, Log. 2F -Y.B 2Q-Q 





Am29203 


slice as in single-length normalization. A high-level Z line in 
double-length normalization reveals that the outputs of the ALU 
and Q Register are both zero, hence indicating that the double- 
length word is zero. 

When double-length normalization is being performed, shift 
counting is done either with an extra microcycle or with an exter¬ 
nal counter. 


SIGN MAGNITUDE, TWO’S COMPLEMENT CONVERSION 

As part of the special instruction set, the Am2903 can convert 
between two’s complement and sign/magnitude representa¬ 
tions. Figure 11 illustrates the interconnection needed for sign 
magnitude/two’s complement conversion. The word to be 
converted is applied to the S input port of the ALU (from the 
RAM B port or the DB I/O port). The Cp input of device 1 is 
connected to the Z pin. The sign bit (S3MSS) is brought out on the 
Z line and informs the other ALU’s if the conversion is being 
performed on a negative or positive number. If the number to be 
converted is the most negative number in two’s complement 
[ i.e., 100 .. . 00 (- 2 ")], an overflow indication will occur. This is 
because -2*^ is one greater than any number that can be repre¬ 
sented in sign magnitude notation and hence an attempted con¬ 
version to sign magnitude from -2" will cause an overflow. When 
minus zero in sign magnitude notation (100... 0) is converted to 
two’s complement notation, the correct result is obtained 
(0 . . . 0 ). 


INCREMENT BY ONE OR TWO 

Incrementation by One or Two is made possible by the Special 
Function of the same name. This command is quite useful in the 
case of byte addressable words. Referencing Figure 12, a word 
may be incremented by one if Cp is LOW or incremented by two if 
Cp is HIGH. 


UNSIGNED MULTIPLY 

This Special Function allows for easy implementation of un¬ 
signed multiplication. Figure 13 is the unsigned multiply flow 
chart. The algorithm requires that initially the RAM word ad¬ 
dressed by Address port B be zero, that the multiplier be in the 
Q Register, and that the multiplicand be in the register ad¬ 
dressed by Address port A. The initial conditions for the 
execution of the algorithm are that; 1) register Rq be reset to 
zero; 2) the multiplicand be in Ri: and 3) the multiplier be in 
R 2 . The first operation transfers the multiplier, R 2 , to the Q 
Register. The Unsigned Multiply instruction is then executed 
16 times. During the Unsigned Multiply instruction, Rq is ad¬ 
dressed by RAM address port B and the multiplicand is ad¬ 
dressed by RAM address port A. 

When the unsigned Multiply command is given, the Z pin of 
device 1 becomes an output while the Z pins of the remaining 
devices are specified as inputs as shown in Figure 15. The Z 
output of device 1 is the same state as the least significant bit 
of the multiplier in the Q Register. The Z output of device 1 
informs the ALU’s of all the slices, via their Z pins, to add the 
partial product (referenced by the B address port) to the mul- 



Figure 11. 2's Complement-*-«^Sign/Magnitude. 


F = [Bj + Cn if Z = 0 

F= IBl +Cnif Z = 1 F-Y, B HOLD Q 

YgMSS^ (S3VF3) MSS 

DEVICE 4 DEVICES 



Figure 12. Increment by 2/1. 
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Figure 13. Unsigned 16 X 16 Multiply Flowchart. 



ti id (referenced by the A address port) if Z = 1. If Z = 0, 
tl [put of the ALU is simply the partial product (referenced 
by B address port). Since Cn is held LOW, it is not a fac¬ 

tor he computation. Each positive-going edge of the clock 
will ii srnally shift the ALU outputs toward the least significant 
bit an 1 simultaneously store the shifted results in the register 
selected by the B address port, thus becoming the new partial 
sum. During the down shifting process, the Cn +4 generated in 
device 4 is internally shifted into the Y 3 position of device 4. 
At this time, one bit of the multiplier will down shift out of the 
QlOo ports of each device into the QIO 3 port of the next less 
significant slice. The partial product is shifted down between 
chips in a like manner, between the SIOq and SIO 3 ports, with 
SIOq of device 1 being connected to QIO 3 of device 4 for 
purposes of constructing a 32-bit long register to hold the 
32-bit product. At the finish of the 16 x 16 multiply, the most 
significant 16 bits of the product will be found In the register 
referenced by the B address lines while the least significant 
16 bits are stored In the Q Register. Using a typical Computer 
Control Unit (CCU), as shown in Figure 16, the unsigned mul¬ 
tiply operation requires only two lines of microcode, as shown 
in Figure 17. and is executed in 17 microcycles. 


TWO'S COMPLEMENT MULTIPLICATION 

The algorithm for two’s complement multiplication is illustrated 
by Figure 14. The Initial conditions for two’s complement mul¬ 
tiplication are the same as for the unsigned multiply operation. 
The Two’s Complement Multiply Command is applied for 15 
clock cycles In the case of a 16 x 16 multiply. During the 
down shifting process the term NVOVR generated in device 
4 is internally shifted into the Y 3 position of device 4. The data 
flow shown in Figure 15 Is still valid. After 15 cycles, the sign 
bit of the multiplier is present at the Z output of device 1. At 
this time, the user must place the Two’s Complement Multiply 
Last cycle command on the instruction lines. The intercon¬ 
nection for this instruction is shown in Figure 18. On the next 
positive edge of the clock, the Am2903 will adjust the partial 
product, if the sign of the multiplier is negative, by subtracting 
out the two’s complement representation of the multiplicand. If 
the sign bit Is positive, the partial product is not adjusted. At 
this point, two’s complement multiplication is completed. Using 
a typical CCU, as shown in Figure 16, the two’s complement 
multiply operation requires only three lines of microcode, as 
shown In Figure 19, and is executed in 17 microcycles. 


Figure 14. 2's Complement 16 X 16 Multiply. 



Figure 15. Multiply. 



ed multiply, Cn+4 MSS is internally shifted into position Y3 MSS; 2’s complement multiply N V OVR is internally shifted into 
VISS. 
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Figure 16. Typical Computer Control Unit (CCU). 


MACRO INSTRUCTION 



Figure 17. Micro Code for Unsigned 16X16 Multiply. 


Micro Data 

Memory Am2910 Pipeline __ _ 

Address Inst Reg. Iq I4-I1 U-ls OEB OEY A 3 -A 0 B 3 -B 0 Cp Comment 


n 

LDCT 

OOF 16 

H 

6 

6 

X 

X 

R 2 

X 

0 

Load Counter & R 2 Q 

n+l 

RPCT 

n+1 

" 0 “ 

0 

0 

0 

0 

Ri 

Ro 

0 

Unsigned Multiply 


Figure 18. 2's Complement Muftiply, Last Cycle. 


F- IBI +Cnif Z = 0 

F-[B1 -[A] -1+CnifZ = 1 Log. F/2-Y,B Q/2 - Q 



Note: N V OVR is internally shifted into position Y 3 MSS. 
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Figure 19. Microcode for 2’s Complement 16 x16 Multiply. 


Data ^ 

Memory Am2910 Pipeline “ 
Address Inst Reg. j? j?- 


OQ > i 
lU UJ CO 

O O < 


flQ 

I 

CO c 

flQ O 


Comment 


h 

LDCT 

OOE 16 

X 

6 

6 

L- 

X 

R 2 

X 

0 

Load Counter & R 2 -► Q 

n-i -1 

RPCT 

n-fl 

0 

0 

2 

0 

0 



0 

2's Complement Multiply 

n +2 

X 

X 

0 

0 

6 

0 

0 

Ri 

Ro 

z 

2’s Complement 

Multiply (Last Cycle) 


TWO’S COMPLEMENT DIVISION 

Three instructions on the Am29203 can be used to microcode 
signed integer division. The algorithm is a non-restoring four- 
quadrant division, with different preamble and postamble mi¬ 
crocode for single- and double-precision integer division. 

Single-precision signed integer divide is the most straightfor¬ 
ward. Other than division by zero, there is only one case when 
an overflow results, namely when the most negative number 
(_ 2 n“i) is divided by - 1 . This case is detected by the post¬ 
amble, and does not require separate tests of dividend and 
divisor in the preamble. 

Single-precision division begins by loading the Q register with 
the dividend. Following this, the negative bit of the status 
register is tested and the dividend register is loaded with all 
ones or all zeros so as to sign extend the Q register. The di¬ 
vidend is now a double-precision integer, with the least sig¬ 
nificant half in the Q register and the most significant half in the 
dividend register. This double-precision integer Is then shifted 
up one position in preparation for the divide. 

The division starts with the First Divide Operation applied to the 
divisor register (A address) and the dividend register (B 
address). This operation computes the quotient sign as the ex¬ 
clusive OR of dividend and divisor sign, and shifts it into the 
least significant position of the Q register while simultaneously 
upshifting the double-precision dividend one bit. The First Di¬ 
vide Operation also updates the Sign Compare Flip-Flop (in 
the MSS) with the exclusive NOR of the dividend and divisor 
sign, which determines whether the next operation will be an 
add or a subtract. 

The stage is now set for repeated execution of the divide step. 
Provided correct shift linkages externally (SIO 3 on the MSS to 
QlOo on the LSS, and QIO 3 on MSS to SIOq on the LSS), 
each execution of the divide step computes a new quotient bit 
by either adding the divisor to the dividend (if the sign compare 
flip-flop is HIGH) or subtracting the divisor from the dividend (if 
the sign compare flip-flop is LOW), and then producing the ex¬ 
clusive NOR of the sign of the result and the divisor sign as the 
new quotient bit and the new value of the sign compare flip- 
flop. The upshifted result replaces the partial remainder in the 
dividend register. The divide step must be repeated n-2 times 
for n bit signed integers. Note that the sign compare flip-flop 
resides on the most.significant slice, and controls the other 
slices through the zero pin which becomes an input on the 
intermediate and least significant slices for this operation. 

The divide correction step also adds or subtracts the divisor 
from the partial remainder in the dividend register, but does not 
upshift the result. The quotient bit shifted into the Q register by 
this step is always a 1. This means that the quotient produced 
by the divide algorithm is always odd; in half the cases, of 
course, this guess is wrong, and must be corrected. At each 
step of the divide algorithm, the result of the previous guess is 


corrected and a new guess is made. Since correction lags 
computation of the quotient bits by one step, after the last step 
there is still one correction needed. 

After the divide correction step, the product of quotient and 
divisor plus the remainder is guaranteed to be equal to the 
dividend. However, the magnitude of the quotient may be off by 
one, the sign of the remainder may be wrong, and the mag¬ 
nitude of the remainder may lie between the magnitude of the 
divisor and zero. 

In general, correction is needed when the sign of the remainder 
and initial dividend differ. For positive quotients, the correction 
is performed by subtracting one from the quotient and adding 
the-divisor back to the remainder. For negative quotients, the 
correction is performed by adding one to the quotient and sub¬ 
tracting the divisor from the remainder. 

A special case arises when the dividend is negative and the 
remainder at the end of the division is exactly zero. Since zero 
appears to be positive in two’s complement, it appears that cor¬ 
rection is necessary, whereas in fact it is not. This case is 
easily detected by testing the remainder for zero after the last 
divide step, and terminating the algorithm if it is. A related pro¬ 
blem arises with negative dividends when the partial remainder 
becomes exactly zero in an intermediate step of the division. 
Once again, the algorithm sees this as a change of sign, and 
records the wrong quotient bit. However, in such cases, the 
final remainder always has the same magnitude as the divisor, 
but has the same sign as the dividend. Since the multiplicative 
rule is still satisfied, this means that the quotient is too small in 
magnitude by one. This case is detected by adding the mag¬ 
nitude of the divisor to the remainder and testing for zero, and 
the correction is the opposite of the “normal” correction: posi¬ 
tive quotients are incremented, and negative quotients are de¬ 
cremented. (The remainder should be made exactly zero). 
Note that the single case that produces overflow for single¬ 
precision signed integer divide may be detected by checking 
the overflow in this correction step. 

The complete algorithm is shown in Figure 20. It is important to 
remember that the zero status available at the end of the divide 
correction step is the sign compare flip-flop output, and does 
not reflect whether the final partial remainder is zero or not. 
Also, in interruptible systems, the division steps must not be 
interrupted, because the sign compare flip-flop cannot be 
saved or restored on the interrupt. However, division can be 
stopped and resumed provided no instruction in between 
affects the state of the sign compare flip-flop. Some examples 
of the correction for single-precision signed divide are shown in 
Figure 21. 

The shift linkage requirements for the divide steps are sum¬ 
marized in Figures 22 , 23 and 24. These figures should be 
used as guidelines when microcoding the fields controlling the 
shift multiplexers in the 2904 for the divide steps. 


I 


j 
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I 
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Except for the overflow problem, the same algorithm with minor 
variations in the preamble implements double-precision divi¬ 
sion. Of course, in this case, sign extension is not needed; 
instead, the least significant half of the double-precision divi¬ 
dend is loaded in the Q register, the most significant half re¬ 
mains in the “dividend” registers, and, after the initial upshift by 
one bit, the divide steps are executed exactly as before. 

When a double-precision signed integer is divided by a single¬ 
precision signed integer, overflow occurs when the quotient 
requires more than n bits to represent. For example 22 n -2 di¬ 
vided by 1 requires 2n bits to represent. A subset of these 
cases of overflow is the case where the magnitude of the quo¬ 
tient requires exactly n bits to represent, leaving no bits for the 
sign; and a special case of this is where the quotient magnitude 
is 2n“i. The preamble to the divide presented below detects 
the first two cases in that order, and the postamble detects the 
last case. 

The principle of overflow detection used here is to first calcu¬ 
late the quotient sign, and then calculate n-t -1 bits of quotient. 
There is an overflow when bits n + 1 and n differ from the sign. 
This detects cases where the quotient requires more than n-i -1 
bits to represent (quotient bit n + l differs from the quotient 
sign), and where the quotient requires exactly n-i -1 bits to rep¬ 
resent (quotient bit n + 1 is the same as the quotient sign but 
quotient bit n differs from the quotient sign). Unfortunately quo¬ 
tients with a magnitude of 2^-1 do not fit this scheme; when 
the quotient is - 2 ^- 1 , this test indicates an overflow, and 
when the quotient is 2 n-i (an overflow), this test does not 
show an overflow. In other words, when there is a disagree¬ 
ment between the nth quotient bit and the quotient sign, it does 
not necessarily indicate an overflow; and it is not until all the 
quotient bits are calculated that it can be decided whether there 
was an overflow or not. This irregularity is a consequence of 
the asymmetry of the two’s complement number system. 

The implementation of this algorithm on the Am29203 Is 
simplified by using a flip-flop on the SIO 3 line out of the MSS to 
store a copy of the new quotient bit calculated each cycle. If 
this flip-flop output is connected to a sequencer test multiplexer 
input, then testing of quotient bits can be pipelined. This is 
useful in the preamble for overflow detection and in the post¬ 
amble for the correction steps. 

I The microcode for the double-precision divide is outlined in 
Figure 25. The divide operation is first applied to the dividend 
and divisor without the Initial upshift of the dividend. This cal¬ 
culates the quotient sign and updates the sign compare flip- 
flop. At the end of the cycle, the complement of the quotient 
sign is setup at the input to the external flip-flop, which can be 
tested in the next cycle to determine the quotient sign. How¬ 
ever, the divide first operation has the side-effect of upshifting 
the dividend. This side-effect is undesirable because it pre¬ 
vents the divide step from calculating the n + 1 th quotient bit. 

I For this reason, the dividend Is shifted down again with the sign 

I bit of the status register selected as the linkage in. Following 

this, a divide step is executed and the algorithm terminated on 

I overflow if the quotient bit calculated by the divide steps is dif- 

I ferent from the sign bit. The algorithm proceeds to calculate the 


nth quotient bit. If the nth quotient bit agrees with the quotient 
sign, there still may be an overflow if the quotient turns out to 
be 2 ^- 1 ; and if the nth quotient bit disagrees with the quotient 
sign, there still may not be an overflow if the quotient turns out 
to be -2^-1. So at this stage the algorithm cannot decide 
whether there is an overflow or not based on the quotient 
bit; instead, it proceeds to calculate the remaining quotient 
bits, retaining the information about pptential overflow in the 
control flow. 

After the last divide step (which performs “divide correction”), 
the algorithm again tests the state of the external flip-flop, 
“storing” it in the control flow. This last state of the divide flip- 
flop would be lost without the external flip-flop, since the quo¬ 
tient bit shifted in is always a 1 in this case. The two’s comple¬ 
ment divide op is used instead of the divide correction so as to 
have access to the sign compare on the SIO 3 line. (The state 
of the external flip-flop after this cycle determines whether the 
correction requires incrementing or decrementing of the quo¬ 
tient). Note that the remainder now needs to be shifted down 
by one bit; this is done concurrently with the testing of the ex¬ 
ternal flip-flop, and the microcode also updates the Z bit of the 
status register. In the next cycle, the Z bit is tested and the 
algorithm terminates if it is set. This is followed by a test for 
negative remainder and dividend. If the test fails, a branch is 
taken to the test for positive dividend and remai nder. Concur¬ 
rently, the remainder is added to the divisor with lEN high and 
the Z flag again updated. This is the first part of the test for the 
absolute value of the remainder being equal to the divisor. In 
the next cycle, the Z flag is tested; if it is set, a branch is taken 
to the correction step. Again, in the sam e cycle, the divisor is 
subtracted from the remainder with lEN high to complete the 
magnitude test. 

In the following cycle, the Z flag is tested as before. If it is not 
set, the algorithm terminates. The test for positive dividend and 
remainder comp utes the OR of the remainder and initial di¬ 
vidend with lEN high, and updates the N flag of the status re¬ 
gister. In the next cycle the algorithm tests the N flag and exits 
if it is low, indicating that the dividend and remainder signs 
agreed. Otherwise, the correction steps are executed. 

The algorithm has been written for fastest execution, not 
shortest possible microcode. The technique of using the control 
flow to “remember” states of flags leads to duplication of code 
but saves cycles on testing flags and branching. At the end of 
the algorithm, there are two places where the quotient is in¬ 
cremented. One of these sequences corresponds to the 
“normal” case (quotient bit n agreed with quotient sign). This 
microcycle produces an overflow when the quotient is 
The other sequence where the quotient is incremented corres¬ 
ponds to the case where the nth pit of quotient disagreed with 
the quotient sign. This case is an overflow unless the quotient 
is - 2 n - 1 ; however, then an overflow is produced by the cor¬ 
rection, when 2^ - 1 -1 is incremented. Hence, In this case, if 
the correction does not produce an overflow, then there is an 
overflow. 
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Figure 20a. Flowchart for Single-Precision Division 


Initially, dividend is in Rdivdnd- 
divisor in Rdivsr- 
Firtally, the quotient is iri Q, 

the remainder in Rrfm- 






+1 Rdivsr! _ and - 

= 0? ^A,JV^Rrempos^x^ 

aflEM—1 


Rrem ---o 


f stop! f stopJ 


UPSHIFT 


TWO’S 

COMPUEMENT 
DIVIDE OP 



TWO’S 

COMPLEMENT 
DIVIDE CORR 



’’rem —-0 * 




"REM 

’’rem - 
’^OlVSR 


’’rem —■ 

'^REM + 
f’oiVSR 


♦This can also be done by adding or subtracting the divisor to the remainder 
since their magnitudes are equal. 

•♦This corresponds to -2^-1 divided by -1. 


EQMAG: 

EQMAGNXT: 

ADDONE: 


Figure 20b. Single-Precision Divide Microcode 


Y <-Rdivsr. UPDATE z FLAG: 

IF Z GOTO OVERFLOW, QRdivdND- UPDATE N; 

IF NOT N GOTO UPSH, Rrem <- 0; 

Rrem«--i: 

UPSHIFT Rrem-Q; 

FOR (n-3), FIRST DIVIDE OP (Rrem- Rdivsr): 

ENDFOR. TWO’S COMPLEMENT DIVIDE OP (Rrem. RdIVSR): 
DIVIDE “CORRECTION” OP (Rrem. RqiVSR): 

Y -Rrem. UPDATEZ.V; 

IF Z GOTO DONE, Y - Rrem AND RqivonD. UPDATE N; 

IF NOT N GOTO NORMCHK, Y - RqivsR - RreM. UPDATE Z; 
IF Z GOTO EQMAG, Y RdivsR + Rrem. UPDATE Z; 

IF Z GOTO EQMAGNXT, Y«- Q, UPDATE N; 

IF NOT V RETURN, Rquot — Ql 
GOTO OVERFLOW; 

Y - Rrem OR Rdivdnd. update N; 

IF NOT N GOTO DONE, Y •«- Q, UPDATE N; 

IF N GOTO ADDONE; 

Rrem — Rrem + Rdivsr: 

Q«-Q - 1, UPDATE V, GOTO DONE; 

Y<-Q, UPDATE N; 

IF N GOTO SUBONE: 

Rrem — Rrem - Rdivsr: 

Q <- Q + 1, UPDATE V, GOTO DONE; 

( . . . . OVERFLOW MICROCODE) 


Test for divisor = 0 
Test quotient sign for sign extension 
zero extend into Rrem 
O ne extend if negative 
Logic upshift Rrem arid Q, zero fill 
Loop setup: load 2910 counter and push PC 
Rrem ori B address; repeat n - 2 times 
Shift in ‘1 ’ into QIOq of LSS 
Test remainder for zero 
Done if remainder = 0, check for dividend 
and remainder being negative 
First half of magnitude check 
Other half of magnitude check 
If magnitude equal, then go test 
sign of Q else return 

Check if remainder and dividend positive 
If yes, exit 

Increment negative quotients 
This can never overflow since Q is odd 
Decrement negative quotients 
This could overflow for positive Q 

Note; Where Y is specified as destination, use lEN = HIGH. 
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Figure 21. Examples of Singie-Precision Signed Divide 


-12 h-3 
-12 ^ -3 
-32768 ^ -1 
-32768 1 


Before 

Correction 


After 

Correction 


Operation 

Q 

REM 

Q 

REM 

12 ^ 5 

3 

-3 

2 

2 

12 4- -5 

-3 

-3 

-2 

2 

-12 4- 5 

-3 

3 

-2 

-2 

-12 4- -5 

3 

3 

2 

-2 

12 ^ 4 

3 

0 

3 

0 

12 ^ -4 

-3 

0 

-3 

0 

-12 4- 4 

-3 

0 

-3 

0 

■ 1 

1 

CM 

T i 

3 

0 

3 

0 

12^3 

5 

-3 

4 

0 

12 4- -3 

-5 

-3 

-4 

0 


Normal correction; decrement positive 
quotients, increment negative quotients 


No correction necessary: zero remainder 


Normal correction 


Special case: increment positive quotients 


Overflow! 
Special case 


Figure 22. Double Length Normatize/First Divide Operation 


F = [Bl + Cn, Log. 2F ^ Y, I 



Figure 23. Two’s Complement Divide 


F = [B] + {AJ + Cn if Z = 0 

F - [B] - (A] - 1 + Cn if Z » 1 Log. 2F - Y, B 2Q - Q 
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Figure 24. Two’s Complement Divide Correction 


F= [B] + [A]+CnifZ = 0 

F= [B] - [A] -1+Cnif2 = 1 FY, B 2Q-^Q 



Figure 25. Double-Precision Signed Division Microcode 
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4. 

5. 

6 . 
7. 


LOOP: 

8 . 


9. 


10 . 


11 . 


12 . 


13. 


14. 


15. 

DONE: 

16. 


17. 

NORMCHKT. 

18. 


19. 

CORRECT 1 : 

20 . 


21 . 

SUB: 

22 . 


23. 


24. 


25. 


26. 

NORMCHK2: 

27. 


28. 

CORRECT2 

29. 


30. 


31. 

NEGQUOT: 

32. 


33. 


34. 

PQSSBLOVF; 

35. 


36. 


37. 


38. 


39. 


40. 


41. 


Q Rdivdndlsh: 

Rrem ^ Rdivdndmsh: 

DIVIDE FIRST OP (Rrem- RdivSR). UPDATE N; 

IF EXTQFF GOTO NEGQUOT, DOWNSH Rrem • Q WITH N FILL; 

TWO’S COMPLEMENT DIVIDE OP (Rrem. RdivSR): 

IF EXTQFF GOTO OVERFLOW, TWO’S COMPLEMENT DIVIDE OP (Rrem. RdiVSR): 

IF EXTQFF GOTQ PQSSBLOVF, TWO’S COMPLEMENT DIVIDE OP (Rrem. RdIVSR); 

FOR (n- 5), TWO’S COMPLEMENT DIVIDE OP (Rrem. RdiVSR): 

ENDFOR, TWO’S COMPLEMENT DIVIDE OP (Rrem. Rdivsr): 

TWO’S COMPLEMENT DIVIDE OP (Rrem, RdiVSR). UPDATE N, QIOq^ 1; 

IF EXTQFF GOTO SUB, Rrem ^ DOWNSH Rrem. SIO 3 ^ N, UPDATE Z; 

IF Z GOTO DONE, Y Rrem AND RdiVDNDMSH. update Z, V; 

IF NOT N GOTO NORMCHK1, Y ^ Rrem + RdivsR. UPDATE Z; 

IF Z GOTO CORRECT1, Y <- Rrem - RdiVSR. UPDATE Z; 

IF Z GOTO CORRECT1; 

IF NOT V RETURN, Rquot ^ Q; 

GOTO OVERFLOW; 

Y «- Rrem or RdiVDNDMSH. UPDATE N, V; 

IF NOT N GOTO DONE; 

Rrem Rrem + Rdivsr: 

Q<-Q - 1 , GOTO DONE; 

IF Z GOTO DONE, Y ^ Rrem AND RdiVDNDMSH. UPDATE Z, V; 

IF NOT N GOTO NORMCHK2. Y ^ Rrem + RdiVSR. UPDATE Z; 

IF Z GOTO CORRECT2, Y ^ Rrem - RdiVSR. UPDATE Z; 

IF Z GOTO CORRECT2; 

GOTO DONE; 

Y ^ Rrem or Rdivdndmsh. update n, V; 

IF NOT N GOTO DONE; 

Rrem Rrem - Rdivsr: 

Q«-Q + 1 , UPDATE V; 

GOTO DONE; 

TWO'S COMPLEMENT DIVIDE OP (Rrem. RdiVSR): 

IF NOT EXTQFF GOTO OVERFLOW, TWO’S COMPLEMENT DIVIDE OP (Rrem. Rdivsr): 
IF EXTQFF GOTO LOOP, TWO’S COMPLEMENT DIVIDE OP (Rrem. RdiVSR): 

FOR (n-5), TWO’S COMPLEMENT DIVIDE OP (Rrem. RdiVSR): 

ENDFOR, TWO’S COMPLEMENT DIVIDE OP (Rrem. RdiVSR): 

TWO’S COMPLEMENT DIVIDE OP (Rrem. RdiVSR). UPDATE N, QIOq ^ 1; 

IF NOT EXTQFF GOTO OVERFLOW, Rrem ^ 0; 

Q^Q + 1, UPDATE V; 

IF V GOTO DONE; 

GOTO OVERFLOW; 


Initialize Q register 

Initialize remainder register Rrem 

Find quotient sign, setup external quotient flip-flop (EXTQFF) 

Branch on quotient sign; restore dividend by downshift 

Compute bit n -I- 1 of quotient 

Error if different from sign; compute bit n of quotient 

Possible overflow if different from sign 

Setup iteration count 

Iterate divide step 

Divide last step: quotient bit is always a ‘1 ’; setup EXTQFF 

Last state of EXTQFF decides direction of connection 

Exit if remainder zero; test for negative remainder and dividend 

If test failed, go check for positive remainder and dividend 

For negative remainder and dividend, check remainder magnitude 

If remainder magnitude = divisor magnitude, connect quotient 

Else if no overflow return 

Else overflow: 

Check for positive dividend and remainder 
If test passed, done 
Else correct remainder 
Correct quotient, and exit 

This part of the algorithm repeats the correction code for the 
case where the last value of the EXTQFF was a high, 
indicating correction in the opposite direction. 

Executed instead of 5, 6 , 7 when the quotient is negative 

This is executed when the nih quotient bit differs from the 
quotient sign. The division is completed to check whether 
the quotient is - 2^-1 

This is signalled by an overflow in the 
correction step. Otherwise, there has been a division overflow. 
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BYTE SWAP 

The multi-port architecture of the Am2903 allows for easy im¬ 
plementation of high- and low-order byte swapping. Figure 26 
outlines a byte swap implementation utilizing two data ports. 
Initially, the lower order 8-bit byte is stored in devices 1 and 2, 
while the high-order byte is in devices 3 and 4. When the user 
wishes to exchange the two bytes, the register location of the 
desired word is placed on the B address port. When the byte 
swap line is brought LOW, the bytes to be swapped will be 
flowing from the DB ports of the Am2903 through the 
Am2958/2959 Three-state Buffers. The outputs of the three- 
state buffers are permuted such that the byte swap is achieved. 


The resultant permuted data is presented to the DA ports of the 
Am2903 where it is re-loaded into the memories of the Am2903 
on the next positive edge of CP using the source and function 
commands of F = A plus Cn (Cp = 0) for the Am2958 or F = A 
plus Cn (Cn = 0) for the Am2959 and the destination command 
F Y, B. 

A higher speed technique for achieving the byte swap opera¬ 
tion is illustrated in Figure 27. Instead of inputting the per¬ 
muted data via the DA ports, the p ermuted data is entered via 
the Y input/output ports with OEy held HIGH. This technique 
bypasses the ALU, thus allowing faster operation. The Am2903 
destination command F -► Y, B should be used. 


Figure 26. Byte Swap. 


MSS LSS 

DEVICE 4 DEVICES DEVICES DEVICE 1 



Figure 27. High Speed Byte Swap. 


MSS LSS 

DEVICE 4 DEVICES DEVICES DEVICE 1 
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BCD OPERATrONS WITH 
THE Am29203 

BCD FUNCTIONS 

Binary Coded Decimal (BCD) numbers are a means to represent 
decimal numbers in binary form such that each digit Is rep¬ 
resented by four bits of its equivalent binary value. They are 
useful in applications where there is a considerable amount of 
interaction with the decimal number representation. The value of 
the four binary bits corresponding to each BCD digit does not 
exceed nine. 

As part of the spedial instruction set, the Am29203 can convert 
numbers between binary and BCD representations. It also per¬ 
forms basic arithmetic operations on BCD numbers. 

BINARY TO BCD CONVERSION 

This instruction, when executed several times, allows conversion 
from binary to BCD numbers. Using the same number of bits, the 
binary representation of numbers has a larger range of values 
than a BCD representation. Hence, care must be taken to see that 
the value of the binary number does not exceed the BCD range 
before using this instruction. Multiprecision representations 
where the width of the BCD number is larger than the width of the 
system, allows a larger range on numbers. The binary number 
may be stored as multiprecision as well. Usually multiprecision 
representations are integer multiples of the width of the system. 

Figure 28 shows a flow chart for a single precision conversion in a 
16-bit wide system. It involves executing the Binary to BCD con¬ 
version instruction 16 times. 

In case of single-precision, this instruction requires that the binary 
number be present in the Q register and uses one of the RAM 
registers for storing the BCD number during and after the conver¬ 
sion. The RAM register is cleared before use. Each instruction is 
composed of two steps. The first step adds a binary value of three 
to each BCD digit which is five or greater as a preadjustment for a 
shift which follows. This addition is performed independently oyer 
each slice and the carry bits from each slice are ignored. The 
second step shifts up the Q register and the RAM register with the 
interconnections as in Figure 29, for a 16-bit system. The 
Am29203 executes both the steps in one microcycle. The number 
of shifts have to be a multiple of four to obtain a meaningful result. 

The Am29203 also has another special instruction to facilitate 
multiprecision Binary to BCD conversions. This instruction re¬ 
ferred to as “Multiprecision Binary to BCD Conversion’’ does the 
same action as the “Binary to BCD Conversion” except for the 
shifting of the Q register. 


The flow chart for the simplest double precision Binary to BCD 
conversion algorithm in a 16-bit system is shown in Figure 30. 
Initially the Q register stores the most significant half of the binary 
number. Two registers RO and R1, which are both cleared initially, 
are used for storing the most significant and least significant half 
of the BCD number after conversion respectively. The shift for 
each binary bit requires two microcycles. The Binary to BCD 
conversion instruction is executed first of R1 and the most sig¬ 
nificant bit from R1 that is shifted out is stored as the Me or carry 
bit of the Am2904. The shift linkages for this step are shown in 
Figure 31. Next the Multiprecision Binary to BCD conversion 
instruction is executed so that RO is also adjusted and the Me or 
carry bit is shifted in. These two instructions together account for 
one equivalent shift of the double precision number as a whole. 
After 16 such shifts, the Q register is loaded with the least signifi¬ 
cant half of the binary number and the same operations are 
performed again 16 times. Once the single precision binary 
number is converted to a double precision BCD number, then the 
algorithm can be terminated after 16 shifts of the binary number. 


Figure 28. Binary to BCD Conversion - Single Precision 



♦ - Operations occur in same cycle in microcode. 


Figure 29. Binary to BCD Conversion 
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Figure 30. Double Precision 16-Bit Binary 
to BCD Conversion 



* - Operations occur in same cycle in microcode. 


Figure 31. Shift Linkages During Double Precision Binary 
to BCD Conversion 

a) Binary to BCD on R1 


RO MC R1 Q 



BCD (MS) Am2904 BCD (LS) BINARY (MS OR LS) 


b) Muitiprecision Binary to BCD on RO 


RO MC R1 Q 



BCD (MS) Am2904 BCD (LS) BINARY (MS OR LS) 


The above algorithm can be made more efficient by noting that 
the shifting of RO is not necessary for the first few cycles. 

This is because mostly zeros are shifted into the already cleared 
register for the most part of the first 16 shifts of the double 
precision number. The flow chart for implementing this on double 
precision representations in a 16-bit system is shown in Figure 
32. The most significant half of the binary number is first loaded in 
the Q register. For the first 13 cycles it is sufficient to shift only the 


Figure 32. 16-Bit Double Precision Binary 
to BCD Conversion 



- Operations occur in same cycle in microcode. 
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R1 register during conversion. After this both RO and R1 have to 
be shifted as cascaded registers. This is because the value of the 
largest unsigned 16-bit binary number is 65535 and thus requires 
19 bits for representing in BCD. As a result, a non-zero bit may be 
shifted out of R1 after 13 shifts and it is necessary to start shifting 
RO as well after this. After the first 16 shifts on the Q register, the 
least significant binary number is loaded in 0 and 16 more double 
precision shifts are done. The shift-linkages while shifting RO and 
R1 are same as the previous case and are shown in Figure 31. 

BCD TO BINARY CONVERSIONS 

The BCD to Binary conversion instruction essentially reverses 
the steps of the Binary to BCD instruction described earlier. The 
BCD number is initially present in one of the RAM registers and 
the Q register is used during the conversion to store the binary 
equivalent. The BCD to Binary conversion algorithm requires that 
the BCD number first be shifted one bit down and then an adjust¬ 
ment done on the BCD digits, which subtracts three from each 
BCD digit which is eight or greater. However, since the Am29203 
has its shifter after the ALU section, the BCD to Binary conversion 
instruction first performs the adjustment for a previous shift and 
then performs the shift in preparation for the next instruction. A 
flow chart for this conversion is shown in Figure 33. The BCD 
number in RO is first shifted down one bit to load its least signifi¬ 
cant bit into the most significant bit of the Q register. After this, the 
BCD to Binary conversion instruction is executed 15 times to 
perform the necessary adjustments and shifts successively. The 
interconnections are shown in Figure 34. Thus, 16 shifts and 15 


Figure 33. BCD to Binary Conversion - Singie Precision 



♦ - Operations occur in the same cycle in microcode. 


adjustments are performed on the 16-bit number. The adjustment 
on the final shift is not required as the binary number is fully 
formed anyway and the BCD number is zero at this stage. 

As in the case of the Binary to BCD conversion Instruction, it may 
be noted that the adjustment is done independently over each 
slice and the carry bits play no role in this adjustment. 

The scheme for converting multiprecision BCD numbers to binary 
is similar to the one outlined in the Binary to BCD conversion 
section. The simplest, but not the most efficient scheme, uses the 
flow chart shown in Figure 35 for a double precision number in a 
16-blt system. The shift linkages are shown in Figure 36. Initially, 
the most significant half of the BCD number is stored in RO and 
the least significant half is in R1. The Q register is used for storing 
a part of the binary equivalent during and after the conversion. 
The BCD number as a whole has to be first shifted down one bit. 
First RO is downshifted with the linkages shown in Figure 36a so 
that its least significant bit Is collected in the Me or carry flip-flop of 
the Am2904. Then R1 and Q are shifted down as shown in Figure 
36b so that Me is loaded in the MSB of R1. The next two instruc¬ 
tions perform the adjustment on this shift and also downshift the 
adjusted numbers by one bit in preparation for the next adjust and 
shift. The Multiprecision BCD to Binary conversion instruction is 
executed on RO so as to adjust and downshift RO and its LSB is 
stored in Me as shown in Figure 36c. The BCD to Binary conver¬ 
sion instruction following this adjusts R1 and downshifts R1 and 
Q with Me being loaded into the MSB of R1 as shown in Figure 
36d. These two instructions are performed 15 times in a loop. As 
a result, RO and Q get shifted 16 times including the initial shift. 
Since the contents of RO are now zeros, it is no longer necessary 
to shift it further. The Q register contains the least significant half 
of the binary result which is transferred to R2. After this the BCD 
to Binary conversion is performed on R1, 16 times with the 
linkages shown in Figure 36e, so that a zero is injDut in the MSB of 
R1. The most significant half of the binary number is available in 
the Q register at the end of the operation. The double precision 
BCD to Binary Conversion Algorithm can be made more efficient 
for certain statistical distribution of numbers. This is possible 
when It Is recognized that the most significant half of the BCD 
number is equal to zero in the beginning and only a single preci¬ 
sion conversion is required on the least significant half. Also when 
the contents of RO, which initially contains the most significant 
half of the BCD number, become zero before the first 16 cycles, it 
is no longer necessary to perform a shifting on it. 

One such algorithm is outlined in Figure 37. The initial and final 
contents of the registers are the same as in Figure 35. Initially, it is 
tested to see if RO is equal to zero. If it is, then a single precision 
conversion is performed on R1 so that the least significant half of 
the binary equivalent is available in the Q register. This is then 
transferred to R2 and Q is loaded with a zero. If RO is not zero, 
then it is downshifted into Me as shown in Figure 36a, and the 
status is loaded in this step to see if the shifted number had 
reached zero. R1 cascaded with Q is then downshifted into MC as 
shown in Figure 36b, and the status is not loaded in this step so 


Figure 34. BCD to Binary Conversion 
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Figure 35. Simple 16-Bit Double Precision BCD 
to Binary Conversion 



- Operations occur in same cycle in microcode. 


Figure 36. Shift Linkages for Double-Precision BCD to 
Binary Conversion 


MSB LSB 


□ 


MSB LSB MSB 


MC R1 


to BIN on RO 

d) BCD to BIN on R1 
with MC input 

e) BCD to BIN on R1 
with Zero Input 



that the previously set status can be used for a conditional branch 
later on while executing a loop. The Multiprecision BCD to binary 
conversion is performed on RO and a simultaneous branch is 
taken if the previously loaded status indicated RO to be zero. If RO 
is non-zero then the algorithm does a double precision conver¬ 
sion on RO and R1 15 times. The status is set while shifting RO and 
is left unchanged while shifting R1 go that a branch can be taken 
when RO becomes zero. If it does, the conversion is performed on 
R1 alone for the remaining cycles. After the first 16 shifts on R1 it 
may be necessary to unload the Q register in to R2 before 
completing the last 16 cycles of conversion. This algorithm trades 
off the number of lines of microcode for a statistically faster 
conversion. This happens whenever small numbers are being 
dealt with more frequently in a system where multiprecision num¬ 
bers may also be required less often. The advantage increases 
with wider systems. 

DIVIDE BY TWO ADJUST 

This instruction 's useful in dividing BCD numbers by two. It 
should be used after an instruction which shifts the number down 
by one bit. The instruction essentially performs a correction on 
the downshifted number to obtain a valid BCD representation 
again. The correction performed is identical to the BCD to Binary 
conversion instruction, but no shifting is done. 

DECREMENT BY ONE OR TWO 

This function available in the Am29203 does not require the 
storing of commonly used constants such as one or two in the 
RAM registers or memory. The instruction decrements by one 
when Cn is high and by two when Cn is low. The instruction is also 
useful for addressing byte addressable memories in a 16-bit wide 
system. 

BCD ADD AND SUBTRACT 

The Am29203 provides instructions to add or subtract two BCD 
numbers in one microcycle. There are two subtract instructions 
whereby the R and S operands can be subtracted from each 
other. When the BCD addition or subtraction is performed on 
BCD numbers the result is a valid BCD number. The result is 
undefined if either of the operands is an invalid BCD representa¬ 
tion, so Considered when any of the groups of four bits over a slice 
has a value greater than nine. 

The Carry, Propagate and. Generate signals have a different 
significance in BCD arithmetic as compared to binary arithmetic. 
During addition, the Carry output from a slice indicates that the 
result of the addition was gr'eater than nine over the slice and that 
a one should be added to the next BCD digit. In order to speed up 
the addition process, the Look-Ahead Carry Generator, Am2902, 
can stili be used as before. In case of BCD additions. Propagate 
signifies that the result equals nine and if there is a carry input to 
the slice then the carry will have to be propagated out of the slice. 
The Generate signal while performing additions signifies that the 
result is already greater than nine and a carry output needs to be 
generated whether or not the carry input exists. The state of the 
Propagate signal for results greater than nine does not matter 
because the Generate signal produces a carry output anyway. In 
case of subtract operations, the Carry output may be interpreted 
as a “borrow”. Borrowing is necessary in BCD arithmetic when 
the digit to be subtracted is larger than the digit it is subtracted 
from. If both the digits are equal then a borrow from a higher digit 
is not necessary unless the previous digit borrows too. This is 
equivalent to a propagation of the borrow signal and is indicated 
on the Propagation line. Whenever borrowing is necessary, irre¬ 
spective of the previous digit, then the Generate signal is active. 

Generate overrides the Propagate and whenever Generate is 
active and the state of the Propagate does not matter. The Carry 
output signal, Cn -f 4, goes low whenever a borrowing is done 
from a higher order digit. 
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BCD MULTIPLICATION AND DIVISION 

Most general purpose machines do not have hardwired com¬ 
binatorial logic to perform multiplication and division because of 
cost trade-offs. In most applications the multiplications are 
performed at least one order of magnitude or more less lower 
case often than adds, division being at least another order of 
magnitude again. Therefore, the small frequency of use and 
high hardware cost of combinatorial methods justify imple¬ 
menting divide and multiply with microcode algorithms. Al¬ 
gorithms for BCD multiply and divide parallel some of the more 
classical binary methods with little change. These algorithms 
are built of simple operation, such as shift, add, and subtract 
which the Am29203 provides in both binary and BCD. 

MULTIPLY 

in its most simpie form, multiplication can be performed by re¬ 
peatedly adding the multiplicand to itself as numbered in the 
multiplier. This method however is very costly in CPU cycles. 
With a slight modification in concept the computation time can 
be reduced significantly. 

An improved method starts by zeroing the accumulator and 
adding to it the multiplicand as many times as numbered by the 
least significant digit (LSD) of the multiplier. The multiplicand is 
then multiplied by ten (a shift of 4 bits left) and added to the 
accumulator as numbered by the next least significant digit of 
the multiplier. The algorithm iterates until the most significant 
digit of the multiplier is used. This method achieves an im¬ 
provement ratio of approximately 10^^ - 1/n x 9 (where n is the 
number of digits in the multiplier). 

The previous method can be further improved by precomputing 
and holding the nine multiples of the multiplicand in a register 
file. The correct multiple can be selected by routing the multi¬ 
plier digit onto the register file address bus. Multiply by ten of 
the multiplicand can be performed by adding it to a shifted 
accumulator rather than shifting the multiplicand. The im¬ 
provement ratio over the previous method is approximately 
n X 9/n + 10 (where n is related to the number of digits in the 
multiplier). 


Figure 37. Ten’s Complement BCD Multiplication Implementation 



MULTIPLICATION HARDWARE IMPLEMENTATION 

The preceding paragraphs have discussed the theoretical al¬ 
gorithm and hardware for BCD multiplication. Figure 37 shows 
a particular implementation of hardware using the Am29203 
which will do ten’s complement BCD multiplication using the 
last method discussed. 

The purpose of the hardware around the Am29203 can best be 
described by grouping it into three sections. In the lower left 
corner is the logic which detects overflow conditions during 
BCD adds and subtracts. The buffers over the MSD (Most Sig¬ 
nificant Device) are used for sign fill during BCD shift. When a 
BCD shift is being performed the BCD number is brought out 
on the DB bus and passed to the next lower digit via the DA 
port and then passed through the ALU into the RAM. However, 
on the MSD the sign digit is wrapped around from DBmsd to 
DAmsd- The final group of logic is the register A which holds a 
link digit in order to implement multiprecision BCD shifts. Re¬ 
gister A also serves to hold the LSD (Least Significant Digit) of 
the multiplier so it can be presented to the A address bus. 

Figure 38 shows a flow chart of the ten’s complement multiply 
microcode. 

The top box in the chart contains instructions to clear the ac¬ 
cumulator and generate the multiples of the multiplicand. 
It takes eleven cycles to execute. The next box initializes 
the counter in the sequencer to one less than the desired num¬ 
ber of iterations. It also loads the LSD of the multiplier into 
register A. 

The main part of the multiplication code is the inner loop. Re¬ 
gister A selects which multiple of the multiplicand will be added 
to the partial product in the accumulator. The next two instruc¬ 
tions perform a BCD shift of the accumulator (R12, R13) with 
sign fill. The last instruction BCD-shifts the multiplier, loads link 
register A with the LSD, while checking the loop counter. The 
loop is executed seven times. 

The last group of instructions performs an adjust according to 
the sign digit which is now in the LSD and register A. In radix 
complement forms of numbers (such as ten’s complement), the 
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Figure 38. Ten’s Complement BCD Multiplication 



sign digit has a numeric weight of -1 x where r is the radix 
and n is the number of digits including the sign. Therefore, re¬ 
gister A is used to select 0 or the multiplier and subtract it from 
the multiplicand. 

In this multiply algorithm there is a buffer digit between the sign 
digit and the digit with the first significant data. The buffer digit 
prevents an overflow from happening during the addition in the 
multiply loop. This condition could be ignored if overflow was 
detected after addition and a routine were conditionally called 
to handle the case. The overflow condition can be corrected by 
subtracting one from the sign digit after the BCD shift. The 
buffer digit can also be avoided by converting the numbers to 
positive sign magnitude numbers, multiplying them, and then 
adjusting the result according to the product of original signs of 
multiplier and multiplicand. The final option is to use the 
hardware shown in Figure 39.This hardware, during shift, shifts 
in the sign, if it was an overflow a 1 is subtracted from the sign. 

DIVISION IN BCD 

As pointed out previously, the algorithms for binary can be 
applied to BCD. BCD division can be accomplished with re¬ 
peated subtractions of the divisor from the dividend and keep¬ 
ing count. This method can be very costly if thQ dividend is big 
and the divisor very small. However, it helps to explain the 
method below which called a restoring radix ten division. 

Without loss of generality, it will be assumed that both the di¬ 
vidend and the divisor are fractions, as well as the generated 
quotient. Also assumed is that the dividend and divisor are 
normalized (which implies keeping track of exponents implicitly 
or explicitly) and that both are positive. 

The restoring division algorithm starts by subtracting the divisor 
from the dividend untiFa negative partial dividend is created. 
The divisor is then added back to the partial dividend to restore 
to a positive partial dividend. A count is kept of how many di¬ 
visors went into the dividend before there was a negative di¬ 
vidend. This count is the most significant digit of the quotient. 
The partial dividend is then shifted up one digit (multiply by 
radix ten). The procedure of subtracting the divisor and count¬ 
ing is repeated for each digit in the quotient. This method is 


Figure 39. Buffer Digit Correction Logic 
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Whenever one times the divisor multiple has been added 6r 
subtracted from the partial dividend, the partial dividend is 
shifted up (times ten) by one BCD digit arid calculation of the 
next significant digit of the quotient begins. 


similar to the scheme which is taught in grade school where 
trial divisors are tested and finally subtracted from the dividend. 
After each division the trial divisor is moved over one column. 

On the average the restoring algorithm must perform five sub¬ 
tracts and one addition for each digit in the quotient. The addi¬ 
tion may be eliminated by performing a non-restoring 
algorithm. This makes approximately 20% improvement In 
execution time. 

The non-restoring division algorithm proceeds like the restoring 
algorithm until the negative partial dividend at which point the 
dividend is shifted up one BCD digit without restoring. The 
count which was kept is placed into the most significant digit of 
the quotient. The counter is then set to 9 and is decremented 
each time the divisor is added to the dividend. The adding and 
decrementing is continued until the partial dividend is positive. 


Calculation of the next quotient digit starts with subtracting 
eight times the divisor from the partial dividend if the partial 
dividend is positive. If the partial dividend is negative, it is an 
indication that the divisor was subtracted from the partial di¬ 
vidend once too often. A correction must therefore be added to 
the partial dividend. Since the partial dividend is shifted up by 
one digit, the correction is performed by adding in ten times the 
divisor. These steps however, can be combined into one step 
by adding two times the divisor rather than adding ten times 
and then subtracting eight times the divisor. 

The flow chart in Figure 4t is an implementation of the above 


The contents of the counter is then placed in the second most 
significant digit of the quotient and the partial dividend is shifted 
up on BCD digit. At this point the algorithm is started over with 
the subtracting and counting. 

HARDWARE IMPLEMENTATION OF DIVISION 

Of the shift and subtract class of algorithms discussed above, 
non-restoring was the best because it eliminated the restora¬ 
tion step. A further improvement can be made on the algorithm. 
Instead of repeatedly subtracting the divisor from the dividend, 
binary weighted multiples may be subtracted in a successive 
approximation sequence. 

The algorithm starts by subtracting eight times the divisor from 
the dividend, then four times the divisor, two times divisor, and 
finally the divisor. Each time a multiple is subtracted, the sign of 
the result is inspected. If the sign does not change, then a one 
is placed in the corresponding bit of the quotient digit. For 
example, if eight times the divisor worked, then a one would be 
placed in the most significant bit of the quotient digit (23). If the 
sign changes, then a 0 is placed in the corresponding bit posi¬ 
tion. When the sign changes during operations with the next 
lower binary weighted multiples, the algorithm continues in a 
similar fashion but addition is performed rather than subtrac¬ 
tion. As long as the result of each addition is negative, 0 is 
entered into the appropriate quotient digit. The algorithm con¬ 
tinues adding whenever the partial dividend is negative and 
subtracting when it is positive. 


algorithm. This implementation assumes that the numbers are 
positive signed normalized fractions to begin with. It first gen¬ 
erates the multiples of the divisor and stores them in the regis¬ 
ter file. Next, the counter in the sequencer is loaded with two 
less than the desired number of times through the loop. 

The major block of the flow chart that follows, performs the 
division. This flow chart can be viewed as a state diagram 
which not only instructs the Am29203 what to perform, but also 
contains the sign of the dividend as state information. The left 
hand column represents the states where the dividend is posi¬ 
tive and the right hand column is where the dividend is nega¬ 
tive. When the dividend is positive, subtractions are performed 
and when it is negative, additions are performed. Switching 
between the two columns is performed by checking the carry¬ 
out of the MSD. If the dividend is positive and the subtraction 
results In no carry-out, then the new partial dividend is nega¬ 
tive at which point the algorithm flow is switched right to the 
column. If the dividend is negative and the subtraction results 
in a carry-out, then the new partial dividend is positive at which 
point the algorithm flow switches to the left column. 

The last box which is a BCD shift left (times ten) of the dividend 
also shifts in the quotient digit which was assembled in a shift 
register. During the last shift instruction, the counter can be 
tested and the algorithm terminated on zero count. 

Figure 40 shows the hardware to perform the division. Besides 
the Am29203, there are two other important groups of logic 


Figure 40. BCD Division Implementation 
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shown in the diagram. The carry (sign) is fed into a shift regis¬ 
ter which assembles each quotient digit. When the dividend is 
shifted up one digit, the new quotient digit is shifted into the 
LSD of the least significant half of the dividend as the MSD is 
shifted into a link register. The link register can then be shifted 
into the LSD of the most significant half of the dividend. 

In a non-pipelined system, the total algorithm takes 5 cycles 
per quotient digit and 5 cycles to set up. Therefore, 16 digits 
divided by 8 digits in an 8 digit machine will take 45 cycles to 
execute. 

In a pipelined system the status flags, (such as carry-out) are 
registered in order to break up long delay paths. This results In 
shorter microprogram instruction cycle time which is set in ac¬ 
cordance with the longest delay path in the machine. A branch 
based on the carry-out cannot be performed in the same cycle 
as the arithmetic operation and therefore an extra cycle must 
be added for each conditional branch. The CTR conditional 
branch, decrement and BCD shift happens in one cycle be¬ 
cause the CTR zero flag is not registered in the Am2910. The 
algorithm, therefore, takes 85 cycles to execute in a single 
pipelined system. 

The execution time, in a pipelined system, may be substan¬ 
tially decreased by implementing a conditional BCD ADD or 
SUBTRACT, thereby eliminating the need for a separate con¬ 
ditional branch. In order to achieve such, a multiplexer is 
placed in the Am29203 instruction path. During normal opera¬ 
tion instructions are passed through it from the pipeline register 
to the Am29203. During BCD DIVISION the multiplexer is used 
to select between BCD ADD or SUBTRACT based on the reg¬ 
istered carry-out of the previous ADD or SUBTRACT. 

The resulting algorithm, shown in Figure 42, executes In 5 cy¬ 
cles for each BCD digit. Although it takes just as many cycles 
as the non-pipelined system, there is a net gain because the 
pipelined system has a faster cycle time than the non-pipelined 
system. 

WORD/BYTE OPERATiONS 

The Am29203 allows for Word/Byte Operations. Figure 45 pic¬ 
tures a 16-bit system which is capable of doing word or byte 
(lower half of word) operations. 

In the Byte mode the BY TE/W ORD line is HIGH which In turn 
asserts a LOW on the W/MSS input of Device 2 making it the 
MSS device. At the same time the multiplexer selects the status 
flags of Device 2 . The EN and OEy of Devices 4 and 3 are 
forced HIGH which disables them from writing into RAM or onto 
the Y bus. 

In the word mode Device 4 is the MSS device and the multi¬ 
plexer selects its status flags. The lE N in puts are brought low 
which enables writing in to RAM. The OEy is also allowed to go 
low. 

MEMORY EXPANSION 

The Am29203 allows for a theoretically infinite memory expan¬ 
sion. Figure 44, Am29203 and Am29707, pictures a 4-bit slice 
of a system which has 48 words of RAM and 16 words of ROM. 
RAM storage is provided by the Am29203 and the Am29707s. 
The Am29707 RAM is functionally identical to the Am29203 
RAM. The Am27S19 is used to store constants and masks and 
is addressable from address port A only. The system is or¬ 
ganized around five data buses. Inter-bus communication may 
be done through the Am29707 or the Am29203. The memory 
addressing scheme specifies the data source for the R input of 
the ALU eminating from the register locations specified by ad¬ 
dress field A. Ao _3 addresses 16 memory locations in each 


chip while address bits A 4_6 are decoded and used for the 
output enable for the desired chip. The B address field is used 
to select the S input of the ALU and the C field Is used to 
specify the register location where the result of the ALU opera¬ 
tion is to be stored. 

Bits Bo -3 are for source register addressing in each chip. Bits 
B 4 and B 5 are used for chip output enable selection. C 0-3 
access the 16 desitination addresses on each chip while bits C 4 
and C 5 control the Write Enable of the desired chip. The 
source and destination register address are multiplexed such 
that when the clock is HIGH, the source register address is 
present ed to the B address ports of the RAMs. The Instruction 
Enable (lEN) is HIGH at this time. The data flows from the Y 
port or the internal B port as selected by the decoder whose 
inputs are B 4 and B 5 . When the clock goes LOW, the data 
eminating from the selected Y outputs of the Am29707s and 
the RAM outputs of the Am29203 are latched and the destina¬ 
tion address is now selected for use by the RAM address lines. 


Figure 42. BCD Division (Pipelined System Configuration) 



♦executes in two cycles 
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When the destination address stabilizes on the a ddress lines, 
the lEN pin is brought LOW. When the WRITE output goes 
LOW as part of a write data instruction execution, address bits 
C 4 and C 5 of the corresponding decoder are enabled. The 
selected decoder line will go LOW, allowing the desired mem¬ 
ory location to be written into. To switch between two- and 
three-address architecture, the user simply makes the source 
and destination addresses the same; i.e., B 0-3 = C 0-3 and 
84-5 = 04 - 5 . For two-address architecture, the MUX is re- 
' moved from the circuit. 


The advantage of separating the write signal from the lEN sig¬ 
nal is that writing can be controlled over less than the full word 
length. For ex ampl e, in a 16-bit system, the lower two devices 
can have one lEN signal and the upper two devices a second 
lEN signal. Controlling these two signals separately allows data 
to be written in either byte without disturbing the other byte. 
The 2- and 3-address architecture is handled in the same way 
as with the Am2903. 


Figure 43. Statistically Efficient 16-Bit Double Precision BCD to Bin Conversion 
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MICROPROGRAMMED 
SYSTEM DESIGN 

A family of bit-slice chips provides modules for customizing 
processors and microcode 


by Sunil Joshi and 
Oeepak Mithani 

M icroprogramming is used in systems with large 
and very large scale integration building blocks, 
as well as within the integrated circuits themselves 
for implementing the control sections. In systems, the 
technique is applied wherever conventional micropro¬ 
cessors fall short of speed and adaptability require¬ 
ments. With microprogrtunmable large scale integration 
building blocks, customiang computer architecture to 
suit various applications becomes easier, faster, and 
more efficient. Larger systems that use a micropro¬ 
grammed approach can remove speed bottlenecks and 
increase throughput. Embedding the most frequently 
used software in microcode provides a speed advantage. 
Possibilities include word processing routines, com¬ 
pilers, database managers, and interpreters. To cut soft¬ 
ware size, microcode can directly execute higher level 
languages, such as Pascal or C. Moreover, developing 
powerful customized instructions substantially 
improves throughput. 

A custom designed computer has two options: a ran¬ 
dom logic hardwired approach or a microprogrammed 
approach. With random logic, the control section of the 
machine is reduced to a state machine design that can be 
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implemented in hardware. Microprogramming provides 
a more modular and systematic method of imple¬ 
menting the control mechanism of a machine, because 
the control sequence is stored in an array that can be 
accessed systematically. Modularization of the random 
logic to reside in an array makes it as easy to change as if 
it were software; this firmware pattern usually resides in 
a programmable read only memory (prom). A 
sequencer then addresses different locations of the 
PROM to execute different controls to the other sections 
of the machine, prom microcoding is not as fast as 
hardwired logic for the same level of technology because 
of its slower access time. However, microprogramming 
is typically used for building high speed systems that are 
several times faster than those built using general pur¬ 
pose microprocessors. This is possible because most 
building blocks for microprogrammed systems use 
bipolar technology, which is faster than metal oxide 
semiconductor (MOS). 

Although the concept of bit slicing is independent of 
microprogramming, bit-slice processors are commonly 
used in microprogrammed systems. The flexibility of 
microprogramming can be used effectively for cas¬ 
cading and controlling several bit-slice processors to 
form largcr-width systems. Together with bit slicing, 
microprogramming achieves high performance through 
variable data widths, customized instruction sets, and 
novel architectures. Typically, this technique requires 
more hardware than microprocessor designs. Because of 
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their flexibility, microprogrammed 
systems can be optimized for 
various considerations such as 
speed, power dissipation, chip 
count, and design time. Cost and 
design time, for example, are not 
easy to estimate. Althou^ it may 
take longer and cost more to .design 
a new system, only minor microcode 
changes may be necessary to 
upgrade to the next version, reflec¬ 
ting a lower overall cost. The 
Am2900 family of large andi very 
large scale integration building 
blocks for microprogrammed 
systems is used here to illustrate the 
architectural issues and design 
tradeoffs involved in selecting and 
configuring microprogrammed 
devices. 

Control path 

The heart of the microprogrammed' 
machine, the control path comprises 
a sequencer, the microprogram 
memory where the control bits are 
stored, and a pipeline register at the 



Fig 2 Typical 16-bit CPU. Here control path also occupies key position and influences throughput. 



INTERRUPT REQUEST TO mTERFACE CONTROOERS 
Ain2905/06/07/lSA/lU/|7A 


Fig 1 Generalized computer architecture. Control path occupies key path 
position, influencing throughput. 
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(I) 



Fig 3 Singlc-pipcliBcd ardiitcctiire (b). If there is modi 
bnnehiog io microcode flow (a), siogie pipeiine will aot 
waste cydes branchiiig, and therefore ha^e fast dock time. 


output of the memory. (See Fig 1 and Fig 2.) The 
sequencer provides the addresses to the prom for the 
control word, which must execute next, and controls the 
program flow and branching. This is the only hardware 
required for a controller that does not require an 
arithmetic and logic unit (alu). 

Pipciiiiing. The pipeline (PL) register at the output of 
the PROM breaks the address path to prevent race condi¬ 
tions. The microinstruction in the PL register executes in 
the current cyde while the next microaddress is simulta¬ 
neously computed in the sequencer, which then accesses 


An important consideration in 
choosing betMteen single and double 
pipelining is the throughput, as 
opposed to raw speed. 


the contents of this address in the PROM. Several bits in 
the microword act as an instruction Add for the 
sequencer. This Add tells the sequencer to continue to 
the next address, and whether or not a conditional 
branch or subroutine access is required. When a branch 
on a condition is desired, the appropriate condition is 
selected through the condition code multiplexer, which 
causes the sequencer to branch if the condition is met 
(Fig 3). That is, if a branch is performed while instruc¬ 
tion at address 50 is in the PL, then either 51 or the 
branch address 70 is at the output of the sequencer for 
PROM access. Other controls spedAed in address 50 exe¬ 
cute whether the branch is taken or not. 

Critical speed path for this architecture, called single 
pipelining, consists of the sequencer propagation delay 
in series with the prom access time. This path may limit 
the fastest cycle time of the machine. When a faster 
cycle time is necessary, a double-pipelined arclutecture 
breaks the critical path into two smaller paths by placing 
a second PL register at the output of the sequencer 
(Fig 4). When the contents of address 50 are in the PLi 
register and the instruction is a branch, address 51 is 
present in PL2. If the branch is taken, address 70 is at the 
output of the sequencer. Thus, when a branch is taken, 
the contents of address 51 execute before the contents in 


the branch address 70 appear in the pli. Because the PL 
register has to be “flushed,” a latency of one clock cycle 
is added before the required branch instruction 
executes. Double-pipelined architectures require two 
cycles to take a branch of any kind, including subrou¬ 
tine jumps, returns, and so forth. In most cases this 
extra instruction cannot perform a useful operation in 
the ALU, and becomes a “no operation.” 

One important consideration when choosing between 
a single- and double-pipelined scheme is the throughput 
that can be achieved, as opposed to raw speed. Because 
of shorter critical paths, double pipelining allows faster 
clocking speeds. However, if considerable branching 
exists in the microcode flow, it may take two cycles to 
execute every branch. One cycle may not function 
usefully in the alu, thereby reducing the machine’s 
overall throughput. Double pipelining is more useful 
when the program flow consists of very few branches. 
When much branching is required, more functions can 
be performed in a Axed amount of time using single 
pipelining, even though the clock speed is slower. 
Double pipelining for applications using frequent 
branching results in extra code space, which increases 
the length of the code and may call for more proms. 
The microcode may also be difAcult to read and debug, 
increasing the design time. 

The PL register shown for the single-pipelined archi¬ 
tecture may not be required for some bits of the micro¬ 
word (Fig 5). This happens when a register is built at the 
input of the controlled device for the purpose of syn¬ 
chronization, as in the case of the Am2923. In such a 
case a registered prom cannot be used for these bits. 

Horizontal and vertical microprogramming. In hori¬ 
zontal .code, the microword bits are assigned so that all 
the devices controlled by the microcode have their con¬ 
trol bits allocated in the same word, allowing them to be 
controlled simultaneously. With dedicated bit control 
for all the devices, parallelism is at a maximum, and 
many events can be initiated in a single cycle. In vertical 
microcoding several devices are assigned for a 1-bit Aeld 
with only one device selected per cycle. Since only one 
device can be controlled at a time, several lines of code 
may be required to control all the devices sequentially. 


CJIIPT0 70 




Fig 4 Doable-pipdined architecture (b) can achieve shorter 
critical paths and use faster docking than single pipelining 
when branching occurs (a). 
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Fig 5 Singie-pipeiined architecture with bsrpassed pl 
register. Some bits of microword are input directly into 
Am2925 when pipelining is not required for entire 
microword. __ 

Vertical microcoding is so called because the width of 
the code is reduced by field sharing but the length 
increases; additional instruction enable bits in the 
microword indicate which device is selected. Since the 
total amount of prom adds to the cost of the system, it 
is important to minimize the width and length of the 
microcode. In many cases vertical microprogramming 
reduces the chip count for the proms, as those with a 
larger addressing space or depth are more common than 
those having a greater data width. Horizontal code, on 
the other hand, allows maximum parallelism and hence 
maximum throughput. The desirable approach, 
therefore, is to share fields where parallelism is not re¬ 
quired. TTiis is possible for example, while controlling 
the Am29i4, which is an interrupt controller. In central 
processing unit (CPU) emulations it is checked for inter¬ 
rupts only at the end of every machine cycle but its four 
instruction lines can share code with some other device. 

One commonly shared field for the sequencer is the 
branch address field of the Am29io, which is also used 
for loading the register/couhter. With the restriction 
that no branching will be allowed while loading the 
counter, several bits of code can be shared. Other Helds 
that can be shared with ALU fields are the interrupt con¬ 
troller (Am29i4), the status controller (Am2904) and the 
program control unit (Am2930) fields. The direct 
memory access (DMA) controller (Am2940, Am2942) 
fields are usually not shared with the alu fields because 
the ALU is used for loading the DMA device. The Am29i0 
branch address field can also be shared with the Am2904. 
Most ofjhc Am2900 family devices have an instruction 
enable lEN pin to permit field sharing. 

Microprogram memory. The microprogram memory 
is usually a prom or an electrically programmable read 
only memory (EPROM). Sometimes a random access 
memory (ram) may be used, which is referred to as a 
writable control store (wcs). The wes is not only useful 


for program debugging, but can also be used for context 
switching between different microcodes, A wcs can be 
built using a dual-ported ram that can be written into 
by one address port and read via the Sequencer address 
port. The use of a wcs, however, complicates the hard¬ 
ware around the sequencer because extra logic is 
required to bootstrap the wcs during startup. A wcs is 
typically used for development system design and for 
machines which change their personality by reloading a 
different microcode. 

Sequencers. A commonly used sequencer is the 
Am29io because it has a 12-bit wide address path to 
access 4k words of microcode, and a 5-deep stack for 
subroutine nesting. It also contains a counter that exe¬ 
cutes microcode loops. The 4-bit wide Am2909 or 
Am29ii may sometimes be preferred, because they are 
faster and less complex than the Am29io. Each requires 
either external small scale integration or an Am298ii and 
a counter to control them, but they can cascade to form 
address widths larger than 12 bits, making them suitable 
for specialized applications. The Am29ii is a 20-pin ver¬ 
sion of the 28-pin Am2909 and saves board space, while 
the Am2909 offers a degree of parallelism in that its reg¬ 
ister can be loaded while a branch is being taken via the 
D input. Both allow a custom designed instruction set. 

Data path 

Most microprogrammed systems have an alu selected 
on the basis of the numerical computation required by 
the desired applications. Some applications need the 
emulation of an existing CPU while others involve new 
designs. A major consideration for CPU’s is the ALU’s 
number crunching capability. The other class of appli¬ 
cation is general purpose, such as disk or communica¬ 
tion controllers. Controllers usually do not require 
much arithmetic capability but must be efficient for 
high speed data transfer and bit manipulations. 

The Am290i and the Am2903 have been used widely as 
ALUs in the past, and two new introductions to the family 
constitute the Am29203 and the Am29ii6. The first three 
are 4-bit slices and can be used for variable data widths, 
while the Am29ii6 is a 16-bit fixed width alu. The 
Am290i is the simplest of the 4-bit alu slices and has a 
basic instruction set for logical and arithmetic opera¬ 
tions, and also has a 16-word dual-ported ram and a 
shifter. This device allows the fastest cycle time among 
ALUs and is used for simple but high speed controller 
designs. 

As opposed tp the raw speed that can be achieved 
using the Am290i, the Am2903 allows for a higher 
throughput. The Am2903 has its shifter after the alu, 
several data entry ports (da, db, and Y) and an expand¬ 
able register file. Its special instructions include 
unsigned and 2’s complement multiply, divide, normal¬ 
ize, and sign extend. Thus, multiply and divide routines 
can be written for both integer and fioating point opera¬ 
tions. The normalize instruction allows incrementing 
the exponent and the shift operation in the same cycle 
using a single line of microcode. 

Am29203 is an enhancement of the Am2903. In addi¬ 
tion to the Am2903 instruction set, the Am29203 has 
instructions for binary coded decimal (BCD) arithmetic. 
BCD numbers are useful in applications that may be 
input/output (I/O) intensive and need to input or output 
data in decimal or ascii formats. Retaining this data as 
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BCD, instead of converting it to binary, has the advan¬ 
tage of not requiring overhead in converting data types 
for input and output. 

Machines using BCD representations tend to perform 
more additions and subtractions on these numbers than 
multiplications and divisions. Therefore, the Am29203 
instruction set has single-cycle BCD add and subtract 
instructions, with mechanisms provided for BCD multi¬ 
ply and divide in multiple cycles. The Am29203 also has 
bidirectional data buses DA and db, so that they are 
symmetrical. This is unlike the Am2903, in which only 
the DB bus is bidirectional. The architectural impact of 
this is that data could be output on both DA and db 
simultaneously from the dual-ported ram, and could 
also be used internally by the alu for computation. 
Data output on DA and DB could be used to provide a 
parallelism in the data paths or even to implement fault 
tolerant alu schemes. In the latter case, an external 
parity checking circuit veriHes the parity of the data 
both before and after the alu operation. The Am29203 
also provides multipredsion arithmetic capability for 
BCD numbers. Since each BCD digit occupies 4 bits, a 16- 
or 24-bit machine may be able to store only 4 or 6 BCD 
digits, respectively, using single precision. However, 
double- or triple-precision representations allow the use 
of many more BCD digits for accuracy without adding to 
the cost of the system by adding more slices. 

Am2903 and Am29203 are suited for designing CPUs 
that are either accumulator based or general register 
based. In general register architecture it is possible to 
have 1-, 2-, or 3-register addressing. The 3-address 
machine is implemented by multiplexing the third 
address on the B address port. Some CPU designs require 
more than 16 registers. Even this can be achieved by 
adding the expander register file Am2970S or Am29707 to 
the ALUs. These ALUs can also be used for designing 
stack oriented CPUs by adding an address control sec¬ 
tion that treats the register file as a stack and keeps track 
of the pointers. 



Fig 6 External mnltiplier with Affl2903. Bidirectionai db 
port allows use of hardware multiplien with external proms 
for applications requiring large amount of fast 
multiplication. 


If the Am2903 or the Am29203 are used for CPUs, the 
Am2904 status and control chip can be used for com¬ 
pressing most of the small scale integration around them 
into one chip. The Am2904 incorporates all the multi¬ 
plexers, status registers, and linkage control hardware in 
a single chip; it is also useful for,several CPU emulations 
because its instructions allow efficient manipulation of 
status bits. For example, some machines ei^er store a 
borrow on subtraction, or just store a carry. The 
Am2904 can convert between the two schemes because it 
has both a micro and machine status register. The micro 
status register is particularly useful where interrupts can 
occur at microcycle boundaries, and saving of micro 
status is essential. 

Another consideration in CPU design is interfacing 
with various buses and peripherals. The ALUs described 
here interface to both multiplexed and demultiplexed 
data and address buses on the backplane. Three sepa¬ 
rate buses (DA, DB, and Y) on the Am2903 and the 
Am29203 permit a variety of architectures. Reliability of 
the data path can be improved by adding error detection 
and correction capability in the paths to and from the 
memory to the alu. Error detection and correction can 
be implemented by using schemes such as Hamming 
codes, which add redundancy to the data paths by 
adding extra check bits. The Am2960 error detection and 
correction chip uses modified Hamming code for detec¬ 
tion and correction of single-bit errors and detection of 
double-bit and some multiple-bit errors. It is cascadable 
and can handle data width from 8 to 64 bits when used 
with bit-slice ALUS. 

In spite of the extremely fast speeds that can be 
obtained by using bit-slice parts, these alus may still be 
slow for some specialized applications. Examples of 
these are in signal processing where a great deal of 
multiplication using complex numbers has to be per¬ 
formed. The Am2903 and the Am29203 have been designed 
with the necessary hooks for con^guring them with a 
hardware multiplier or an external prom for fast table 
lookups. Fig 6 shows how the bidirectional DB port can 
be us^ as an advantage for hooking up to a 16 x 16 
multiplier. This achieves an order of magnitude im¬ 
provement in throughput. 

Although the Am290i and Am2903 were designed and 
optimized for CPU applications, they have also been 
commonly used for controller designs. Intelligent con¬ 
trollers must be very efficient in the movement of data, 
manipulation of status, and response to events and 
interrupts. They are characterized more by bit manipu¬ 
lation and logical operations than by number enmehing 
and complex arithmetic. The Am29i is is a 16-bit fixed 
width processor optimized for controllers. Its architec¬ 
ture is characterized by a single-port ram, an 
accumulator and a data latch for temporary storage of 
data, and a 3-input alu for performing an operation on 
three operands simultaneously. 

The Am29ii6 has a bidirectional bus for the input and 
output of data. A 16-bit barrel shifter is provided to 
rotate a word by up to 16 bits in one microcycle. The 
combination of a 3-input ALU and a barrel shifter allows 
operations such as rotate and merge, where one operand 
is rotated up to 16 places, and selectively merged with 
another operand using a third operand as a mask for the 
selection. In addition, the Am29ii6 has features such as 
priority encoding, cychc redundancy check computation. 
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Fig 7 Hpeiined architectiire at machine level. Placing 
addless generation in separate hardware, relieving alu, 
allows increased parallelism. _ 

and the capability to execute immediate instructions 
where constants can be brought in on the instruc¬ 
tion mputs using two cycles. It also improves the power 
dissipation and the chip count compared to an imple¬ 
mentation using the Am290i or the Am2903. 

Address path 

System performance is largely determined by the 
addressing mechanisms and modes employed. Ne^ for 
efficient memory addressing becomes more evident with 
the availability of the faster and more efficient pro¬ 
cessors. To access random information from the mem¬ 
ory, different addressing techniques are used. In general 
register architecture, one register is designated as the 
program counter and others may be assigned tasks such 
as index register, stack pointer, upper bound and lower 
bound for stack, and so on. Using these registers, differ¬ 
ent addressing techniques such as program counter rela¬ 
tive, indexed, immedate, base Register relative, wd 
indirect addressing can be implemented very efndently. 
In addition, ability to manage stacks for subroutine 
linkage and for expression evaluation enhances the flow 
of control though a system. 

A system that does not use a separate program con¬ 
trol subsystem usually uses a general register architec¬ 
ture for addressing. In this situation, address for the 
main memory is generated by the alu. If all the registers 
associated with main memory addressing are removed 
from the alu and placed in the program control subsys¬ 
tem, then the address computation for the next macro¬ 
instruction can be done concurrently with the alu 
operation. Thus, the use of separate hardware allows 
more parallelism in a system at the macroinstruction 
level. 

Such a program control unit can be implemented 
using the Am290is or Am2930s. In this system ^ig 7), the 
nth instruction is executed in the ALU during a register 
to register instruction. The instruction register's loaded 


with the n -i- 1st instruction from the Z latch, and the 
starting address is generated in the sequencer. The n + 
2nd instruction is read into the z latch from the main 
memory, and the address for the n + 3rd instruction is 
loaded into the memory address register (mar). 

The most general purpose type of program control 
unit can be implemented with Am290is. Its 16-register, 
2-port file structure provides several advantages in 
terms of stack pointer control, stack pointer boundary 
checking, program control, and implementation of dif¬ 
ferent addressing modes. For a simple program control 
unit, the Am2930 provides 17-deep subroutine linkage 
stack, index register, program counter, and an alu for 
relative addressing. Both devices are 4-bit slices and are 
cascadabie up to any width of address required, which 
makes the expansion of the main memory easy. 

System timings 

Qock speed, which increases the performance, is deter¬ 
mined by the delays through the various paths, the 
longest being the critical path. In a conventionally 
microprogrammed system, the slowest microinstruction 
execution time determines the microcycle time, even if it 
is the only slow microinstruction. In such a system, 
much microcycle time goes unused during the execution 
of ail other microinstructions. To improve the microcy¬ 
cle time, these functions are sometimes broken into 
several shorter instructions, but this is cumbersome and 
adds to the amount of microcode. An alternative solu¬ 
tion is to vary the microcycle time and stretch the cycle 
whenever the slow microinstructions are executed (Fig 
8). This solution provides maximum usage of the micro- 
cycle time for all microinstructions. 

The Am292S clock generator and microcycle length 
controller can vary microcycle length depending upon 
the microinstruction being executed. The Am2925 takes 
the oscillator output as basic clock, (FO), and generates 
four clock outputs, each with a different duty cycle. The 
output clocks can have a period from three to ten times 
the basic FO clock period. Information about the 
microcycle length is extracted from the microcode in the 
preceding microcycle (Fig 5). For simple applications, 
the Am2925 generates a clock with approximately 50<7o 
duty cycles. For special applications, like the 3-address 
architecture with the Am29203, the Am2925 also 
generates an appropriate clock (always low during the 
last two FO cycles) to drive the instruction enable input 
for proper write timing into the 2-port ram. In 
addition, the Am2925 can insert wait states to synchro¬ 
nize other parts of the computer system, such as mem¬ 
ory and I/O devices, with the CPU. For debugging a 
system, the Am2925 also permits single-stepping of the 
microcycle. In general, the throughput of a system can 
be improved by 10% to 25%, using the Am2925, 
depending upon the instruction mix over the fixed 
length system. 
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Fig 8 MQcrocycle stretching. Varying microcycle time 
improves overall microinstniction efficiency. 
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Fig 1 HP 1000 Aooo sequencer. Registered proms contain aooo microstore and 
pipeline register in only seven packages._ 


HP 1000 architecture permits referencing registers as 
memory location 0 or 1 . An fpla detects this condition, 
and the alu source or destination is selected as either 
memory, or the alu register file accordingly. An addi¬ 
tional FPLA is part of the status register and determines, 
based on the status register contents and the instruction 
register contents, whether conditional instructions ^will 
skip the next instruction. 

A600 memory is both a memory controller and a mem¬ 
ory array. The array portion can be either 128k or 512k 
bytes, with additional array cards able to increase main 
memory to 4M bytes. Memory has a cycle time of 454 ns 
and uses simple parity for error detection. A dynamic 
mapping system is also part of the memory controller. It 
consists of 32 sets of 32 page-mapping registers, and 
maps logical addresses into physical addresses as shown 
in Fig 3. 

Every memory cycle is a mapped memory access. The 
address extension register is loaded by the processor or 
direct memory access (DMA) and selects one of the 32 
sets of maps. Each 15-bit logical address is divided into 
two parts: a page number and an offset. The page num¬ 
ber selects one of the 32 page-mapping registers. Since 
each page is 1024 words, the 32 map registers provide a 



Fig 2 HP 1000 Aooo arithmetic unit. Implementing alu with 
bit-slice LSI chips delivers outstanding price/performance 
while minimizing board space. 


32k logical address space. Each 
register contains a write protection 
bit and a 14-bit physical page 
number. If the write protection bit is 
set, any write cycle to this page will 
not be permitted and will generate a 
processor interrupt. The 14-bit 
physical page number is combined 
with the logical address offset to 
provide a 24-bit physical address. 
This allows the microcomputer to 
address 32M bytes of physical 
memory. 

Standard HP looo minicomputer 
input/output (I/O) interface cards, 
which were introduced with the 
HP 1000 L-series computer, are also 
used with the A600. Each interface 
card contains a custom complemen¬ 
tary metal oxide semiconductor 
(CMOS) I/O processor capable of executing I/O instruc¬ 
tions to communicate with the processor board, and of 
performing DMA transfers with memory on a cycle steal¬ 
ing basis. The microcomputer provides a memory page 
map for each I/O interface, permitting dma transfers to 
any page or combination of pages in physical memory. 
Its memory cycle time of 454 ns provides a backplane 
bandwidth of 4.3M bytes/s. 

Software compatibility guarantees that a correctly 
written application program for a member of the mini¬ 
computer family will execute correctly on the a600 
microcomputer. For,the microcomputer design, soft¬ 
ware compatibility meant that the macro level machine 
characteristics had to be fixed. Thus, the microcom¬ 
puter has the same register set, instruction set, time base 
generator, memory mapping, memory’ protection, and 
powerfail capabilities as the minicomputer members of 
the family. 

Rather than a limitation, the software compatibility 
requirement was actually a benefit. Instead of requiring 
months of effort to invent a new architecture, the 
microcomputer architecture was well defined from the 
start. This permitted the design team to concentrate on 
features to improve the computer price/performance 



Fig 3 Logical address to physical address translation. 
Mapping hardware allows A600 microcompnter to access 
32M bytes of memory with read and write protection. 
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interrupts 

Interdevice communication efficiency depends on the 
ability of the CPU to handle asynchronous events. 
Polling is one way of interdevice communication in 
which the CPU interrogates each device by asking it if 
service is required, starting with the hifi^est priority 
device. This approach is slow and inefficient, causing 
more overhead. The more efficient way of servicing 
asynchronous events is the interrupt method. Whenever 
a device needs service from the CPU it generates an inter¬ 
rupt request signal to it. If the requesting device is of the 
highest priority, then the CPU suspends the program 
currently executing and services the requesting device as 
soon as it receives the interrupt request. After servicing 
the device, the CPU resumes the previously suspended 
program if there are no other devices requesting service. 
If more than one device requests service at the same 
time, then the device with the highest priority will be ser¬ 
viced Hrst. When an interrupt request is being serviced, 
only another interrupt request with a higher priority can 
interrupt the routine; this allows nesting of interrupts 
within interrupts. These functions are usually performed 
by an interrupt controller that may also have features to 
selectively mask certain interrupts. 

Interrupt handling can be efficiently implemented by 
the Am29i4 vectored priority interrupt controller. Cas- 
cadable to any number of priority levels, it can be 
microprogrammed to meet the requirements of specific 
applications. For example, interrupts can be handled at 
two levels by the microprogrammed CPU— the macro¬ 
level interrupt or microlevel interrupt. In the macrolevel 
interrupt, the CPU checks for any interrupt request after 


completing the execution of every macroinstruction. If 
any request is pending, the CPU services the device and 
then returns to the interrupted program. As soon as the 
device request is granted by the controller, the CPU com¬ 
pletes the current microinstruction and jumps to the ser¬ 
vice routine for that partictilar device. The Am29i4 can 
be used for both types of interrupts. 

Direct memory acceu 

High speed techniques are required for transferring 
blocks of data between the main memory and the i/o 
devices. The three most widely used techniques are pro¬ 
grammed I/O, memory mapped I/O, and direct memory 
access I/O. The DMA technique uses a direct path 
between the main memory and the I/O device to perform 
data transfers, thus relieving the CPU for other tasks. 
The CPU initializes the DMA device by sending a memory 
address and the number of words to be transferred. 
Actual data transfer is done directly between the I/O 
devices and the memory through the DMA interface. 
DMA transfer can be implemented by three methods. In 
the first method, the CPU is put on halt, while the DMA 
data transfer is being performed. The second method 
time slices each memory cycle into halves; one for the 
CPU and the other for DMA transfer. But the most com¬ 
monly used technique is cycle stealing, which is also the 
most efficient way to utilize the available resources. In 
this method, the DMA device steals a CPU memory cycle 
whenever the CPU is not using one, and performs a DMA 
transfer. 

Am2940 DMA address generator is partitioned into 
8-bit slices cascadable to form large memory addresses. 
>^th the Am29S0 i/o port, it can handle over 5M 
words/s. The Am2940 generates sequential addresses for 
block transfer. Word count for block transfer can be 
programmed by the CPU, and the Am2940 also maintains 
the word count and generates a signal when the block 
transfer is complete. One or more Am2940s can be used 
in each peripheral controller of a distributed dma 
system. I^croprogrammability of this part provides 
complete flexibility for the desired architecture. 
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Combining the sf^d of bipolar 4-bit-slice architecture with new decimal- 
arithmetic capability, a microprocessor takes aim at business-systern 
applications formerly dominated by large computers. 


Bit-slice processor 
speeds through BCD math 


For the first time, binary-coded-decimal (BCD) 
arithmetic will be brought to minicomputer-class 
systems. The vehicle is the Am29203 microprocessor 
slice, which calculates directly in the decimal system. 
As a result, such systems will be able to make inroads 
into a growing number of business applications, 
including distributed satellite office machines and 
point-of-sale terminals. Previously, BCD data han¬ 
dling was dominated by large computers of the IBM 
360/370 variety and desktop calculators. 

Taking up where the Am2901 and 2903 left off, 
the 29203 continues the tradition of flexible, 
microprogrammed building blocks with low package 
count (see “Benefits of a Microprogrammed 
Machine’’). Like its predecessors, the 29203 is a 4- 
bit-slice ALU and shifter with two operands entering 
from a two-port register file. Although it features 
the standard ALU functions of the Am2903, the 
Am29203 has twice the number of special instruc¬ 
tions—the 2903 instructions are a subset of the 29203 
instruction set. A major portion of the expanded 
instructions allows designers to manipulate the new 
BCD-type numbers. 

The 29203 adds BCD arithmetic capability to TTL 
processors, along with the speed and flexibility for 
which the Am2900 family is already known. Behind 
the new processor’s performance's the combination 
of AMD’s proprietary LSI technology, called the 
Imox process, and internal ECL circuitry. 

A processor that operates directly on decimal 
numbers offers many benefits in business applica¬ 
tions, notably processing numbers created by and for 
the business community. Compared with “scientific” 
numbers—data produced for engineering or scien¬ 
tific use—“business” numbers have limited precision 
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(about eight or nine decimal digits). A business 
number begins in ASCII format, is changed to BCD, 
where addition and subtraction are done—there are 
few divisions and multiplications—and is displayed 
or stored after being converted into a form readable 
by humans (ASCII). This type of cycle is I/O¬ 
intensive, whereas scientific applications are 
computation-intensive. 

Most of the benefits of business processing stem 
front not having to convert input data to binary, as 
required by scientific application^. Performing 
arithmetic directly on BCD data has two advantages: 
speed and accuracy. Significant processing time is 
saved by eliminating base con¬ 
versions. For exam¬ 
ple, most 
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processors communicate data to terminals and priiit- machines with no BCD capabilities. These instruc- 

ers in alphanumeric code such as ASCII or EBCDIC. tions handle both single- and double-precision 

But the data must first be converted into a com- calculations. 

putable form such as BCD or binary. Whether or One benefit of not having to convert into binary 
not the final encoding is BCD or binary, concerns round-off problems When a number is 

alphanumeric code must first be converted into BCD. converted from one base into another, it may not 

This conversion is simple because there is a one-to- be possible to represent it in the new base with a 

one correspondence between ASCII or EBCDIC finite number of digits. For example, converting 

characters and BCD. It is equivalent to a look-up $0.30 in base 10 into binary gives the infinite series 

table procedure followed by packing operations. 0.01001101. . . Now the converted number must be 
When the target encoding is- binary, a packed truncated and rounded off to fit the limited storage 

number must be converted from BCD into binary range. Unfortunately, converting from binary back 

with an iterative algorithm using four operations per into base 10 does not give the original value. Thus, 

digit. In machines without special BCD capabilities, a computer that performs calculations in the native¬ 
converting into and from binary requires an order base representation is able to eliminate round-off 

of magnitude more time than conversions between errors. For this purpose, the 29203 has built-in BCD 

alphanumeric code and BCD. arithmetic capabilities. These include single-cycle 
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tations in the binary-coded-decimal format. 

The 29203’s overall structure consists of a RAM 
connected to the inputs of an ALU, the output of 
which is passed through a shifter and back into the 
RAM (Fig. 1). The ALU is optimized to execute 
powerful logic and arithmetic operations on un¬ 
signed, two’s-complement, and BCD numbers. The 
ALU, shifters, and RAM all can be cascaded to form 
larger words and more temporary storage registers 
can also be added. 

Three buses give flexibility 

Using three bidirectional buses, the 29203 is highly 
suitable for microprogrammed systems that, require 
considerable data-flow flexibility. Buses DA and DB 
bring external data or constants directly into the 
ALU for computation. The R and S multiplexers 
provide the selection between external data and the 
dual-ported RAM as data sources for the ALU. The 
result of an ALU operation can be either loaded into 
the temporary Q register or made available at^the 

Y port after shifting (if necessary). In this case, the 

Y port may be used as an output port. The result 
of an ALU operation can be written into any RAM 
location during this same cycle. 

Another way to bring data into the ALU is through 
the bidirectional Y bus. Under these conditions, 
output buffers on the Y bus go into three-state 
operation and data on the Y bus is written into the 
internal RAM. While this is occuring, the ALU can 
perform an operation that involves writing into the 
Q register but does not require the Y bus as an ouput. 
Buses DA and DB also provide added flexibility when 
used as outputs. In the simplest case, one or both 
operands can be put onto these buses, with the result 
of the operation appearing on the Y bus. Because 
these outputs are available, they can be used by a 
fault-tolerant computer for performing external 
parity checks on the data paths preceding the ALU. 
Then the parity or check bits can be matched with 
those derived from the ALU’s output—including the 

Y bus and shifted data—to indicate a fault. 

When used as outputs, the DA and DB buses allow 

an external processor to operate on data stored in 
the RAM. This increases the effective instruction set 
of the ALU section. Moreover, it is advantageous for 
configuring a parallel multiplier for fast multiplica¬ 
tion. The multiplier accepts data from the DA and 
DB ports, multiplies it, and loads the result back into 
the RAM, using the Y bus as an input. 

The 2903’s multiport architecture makes the im¬ 
plementation of high- and low-order byte swapping 
simple. Figure 2a shows a byte swap using two data 
ports. Initially, the low-order byte is stored in devices 
1 and 2, and the high-order byte in devices 3 and 
4. To make an exchange, the register location of the 



1. Designed around an ALU and an on-board RAM, the 
Am29203 4-bit-slice processor relies on a bidirectional three- 
bus architecture to bring external data and constants into the 
ALU for computation. It can be cascaded to form larger words. 



2. Using multiport architecture, the 29203 allows high- and 
low-order byte swapping (a) and fast byte swapping (b). 
Permutations of the three-state buffers (Am2958/59) produce 
any combination of output data. The high-speed byte swap 
bypasses the processor’s ALU, permitting faster operation. 
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desired word is placed on the B-address port. When 
the byte swap line is brought low, the bytes to be 
swapped flow from the DB ports of the 29203 through 
the 2958/2959 three-state buffers. Permutations of 
the three-state buffer outputs achieve the byte swap. 
The resulting permuted data are presented to the DA 
ports of the 29203, where they are reloaded into 
memory on the next positive edge of the clock 
(CP). That is accomplished using the source and 
function command, F = A + (0^ = 0), for the 2958, 

or F = A + Cp (Cn = 0) for the 2959, and the destination 
command, F Y, B. 

A faster circuit for byte swapping is illustrated 
in Fig. 2b. Instead of being entered via the DA ports, 
permuted data are entered through the Y I/O ports 
of OEy (held high). This technique bypasses the ALU, 
allowing faster operation. The 29203 destination 
command, F ^ Y, B, should be used in this mode. 



3. The 29203’s 16-word RAM can be expanded in multiples 
of 16 words to form long register files. The ALU draws data 
from any two register locations. 


The 29303 contains a 16-word, dual-ported, RAM 
for temporary data storage. The RAM, which serves 
as a register file, can be expanded in multiples of 
16 words to accommodate as many registers as 
necessary, using the 29707 (Fig. 3). In addition, the 
29203 permits a three-address architecture so that 
ALU operands may be selected from any two register 
locations, including the extended registers. 

These operations can be achieved in a single 
microcycle by switching the port-B address in the 
middle of the cycle. Latches at the RAM output 
capture the source operands during the first half of 
the cycle. With the instruction-enable signal (IeT 5) 
held inactive to prevent writing into RAM, the third 
address can be multiplexed—when it stabilizes, writ¬ 
ing takes place by activating lEN. Using lEN as a 
control also permits a partial word to be written into 
the RAM. Thus, in a 16~bit system, the upper or lower 
byte of a word can be independently written by 
providing an TEN control signal for each half of the 
word. 


In a 16-bit system, both word and byte operations 
may have to be performed. Apart from the ALU 
result, status conditions must be available in the 
word and byte modes. The 29203 forces the open- 
collector zero-detection pin (Z) to a high whenever 
the output buffers on the Y bus are three-stated. 
Thus, a zero-detecting flag is detected only on the 
byte that is selected. As shown in Fig. 4; the byte- 
word-selection line turns off the lENand OEY signals 
on the upper two bit-slices and forces the third slice 
to act as the most significant slice (MSS). As a result, 
the carry, negative, overflow, and zero flags then 
apply to the byte mode. 

In most ALUs, the zero-detection flag is the last 
flag to stabilize. This indicates that a microcycle can 



System handles 16-bit words as well as bytes 


4. Word/Byte operations among four 29203 processors are possible using the circuit illustrated. The byte- 
word selection line determines which 29203 acts as the most significant slice (MSS). 
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be completed only after this flag stabilizes at the 
input of the status register. In the 29203, zero 
detection is performed at the output of the ALU 
shifter, before the Y-bus output buffers. In that way, 
the zero-detection flag is available simultaneously 
with data on the Y bus. Propagation delays are 


shortened through one of the critical paths by 
performing zero detection in parallel, with data going 
through the output buffers, which are also 
responsible for translating *ECL into TTL levels. 
Special design techniques have been used in the 29203 
to increase the speed of the zero-detection circuitry 


Benefits of a microprogrammeci machine 


Many current processors are de¬ 
signed using microprogramming 
techniques, in which a large part 
of the system control is performed 
by read-only memory—usually 
PROMs—rather than by arrays of 
gates and flip-flops. The technique 
often reduces the package count of 
the controller, gives it a highly 
ordered structure, unlike random 
logic systems. Moreover, because 
firmware, rather than hardware, 
is altered, microprogramming 
simplifies changes to a machine’s 
instruction set, substantially re¬ 
ducing postproduction engineer¬ 
ing costs. This is vital in extending 
the product life cycle and allows 
devices to be changed rapidly to 
suit user demands. 

Although the concept of micro¬ 
programming has existed for 25 
years, it was not until Advanced 
Micro Devices introduced its 
Am2900 family that it came into 


widespread use. Today, in new 
system design, a designer can 
choose between microprocessors 
with a fixed instruction set—the 
8080,8086, and Z8000 are examples 
—and microprogrammable de¬ 
vices. The benefits of the former 
include a very low package count 
—three or four devices—and pre¬ 
designed instruction sets. Thus de¬ 
signers can begin at a higher de¬ 
sign level with respect to the total 
system solution. With a micropro¬ 
grammable processor, a designer 
can define a custom instruction set 
that is executed much faster than 
a fixed set, but at the expense of 
a larger package count. 

Because firmware implements 
specialized functions, it can also be 
used for self-testing. Tests such as 
system verification and diagnos¬ 
tics speed production testing, in 
addition to aiding repair personnel 
in testing the system. 


Each device in the 2900 family 
performs a basic system function 
and is driven by a set of control 
lines from a microinstruction. The 
figure illustrates a typical system 
architecture. The system has two 
“sides”; The left contains control 
circuitry, and the right contains 
data-manipulation circuits. The 
ALU-array block composes the 
ALU, scratchpad registers, data- 
steering logic, left-and right-shift- 
control, and a carry-look-ahead 
circuit. Data are processed by 
moving it from main memory (not 
shown) into the scratchpad regis¬ 
ters, performing operations, and 
returning the results to main 
memory. Memory addresses can 
also be transferred in and out 
through the memory-address reg¬ 
ister (MAR). Four status bits from 
the ALU are captured in the status 
register after each operation. 

In operation, a sequence of 
microinstructions stored in ROM 
is executed to fetch an instruction 
from main memory. This requires 
that program-counter data— 
stored in an ALU working register 
—be sent to the MAR and in¬ 
cremented. The data returned 
from memory are loaded into the 
instruction register. Then the in¬ 
struction register’s contents are 
passed through a PROM or pro¬ 
grammable logic array to generate 
the address of the first microin¬ 
struction that must be executed to 
perform the required function. A 
branch to this address occurs 
through the sequencer. 

Several microinstructions can 
be executed to fetch data from 
memory, perform ALU opera¬ 
tions, test for overflows, and so on. 
Then a branch is made back to the 
instruction-fetch cycle. There may 
also be branches to other sections 
of microcode. 



) Microinstruction currently-being executed 
D Sequencer control lines select source of 
next rnlcroinstruCtion address 
p Next microinstruction address 
p Next microinstruction 
5 Status bits from current microinstruction 
P Status bits from last microinstruction 


(e.g., enables on 
MAR. iR.DR) 


To data bus 
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5. Both binary-to-BCD (a) and BCD>to-binary (b) conversions can be performed by the 29203, 
with either single or double precision. This gives the processor the flexibility to handle business 
calculations with decimal numbers or scientific work in binary. 


(see “Taking Advantage of ECL Technology"). 

To maintain software compatibility with the 2903, 
the 29203’s instruction set is a complete superset of 
the 2903’s and has the same op-code assignments. 
The set provides powerful instructions for perform¬ 
ing single- and double-length normalization of 
floating-point numbers, sign extension, and 
multiplication and division of integers as well as 
floating-point numbers. Instructions for increment¬ 
ing and decrementing operands by one or two are 
included, making it unnecessary to store constants 
such as one or two. The shift instructions permit both 
arithmetic and logical shifts. The processor also has 
a provision for computing the parity of a number 
that is present in several cascaded slices. 

Decimal applications abound 

The 29203 is an excellent choice for high- 
performance, I/O-intensive systems found in a wide 
variety of applications. They can be small or 
medium-sized processors that perform word process¬ 
ing, data retrieval and processing, accounting, data 
management, and inventory control. On the other 
hand, I/O-intensive systems can also be large, dis¬ 
tributed multistation systems having a large control 
CPU, mass disk storage, and several intelligent 
terminals—such as for point-of-sale terminals in 
department stores. Other I/O-intensive uses include 
high-end data acquisition and control systems that 
must interface to off-the-shelf programmable in¬ 
strumentation as well as with analog and digital 
interfaces. 



6. Converting from binary to BCD (a) requires a series of 
addition and shift operations, essentially the reverse of BCD- 
to-binary conversion (b). The instructions must be performed 
several times on a number to yield the correct result. 


All these applications require decimal arithmetic 
capability, plus the ability to handle ASCII formats 
and binary numbers efficiently. They also require 
fast responses to events, since a real-time application 
or human interface may be involved. Human-in¬ 
terface devices, in particular, must have response 
times no longer than a few seconds, even under 
maximum load conditions in systems that can be tied 
up by file look-ups, calculations, and file scans. Such 
applications necessitate a bit-slice micropro¬ 
grammed approach, in which the system width can 
be tailored and the throughput maximized to handle 
large amounts of data efficiently and quickly. 

The 29203 has instructions for converting between 
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BCD and binary formats and for performing the 
basic arithmetic functions in both formats. BCD 
addition and subtraction are the most commonly 
used arithmetic instructions when calculating with 
decimal numbers. The 29203 has instructions for 
adding or subtracting two BCD numbers in one 
microcycle. The external connections for these opera¬ 
tions are the same as for binary addition and 
subtraction. 

A internal carry-look-ahead scheme enables a BCD 
operation to be executed as fast as a binary one. 
There are two subtraction instructions in which the 
R and S operands can be subtracted from each other. 
When BCD addition or subtraction is performed on 
BCD numbers, the result is a valid BCD number— 


but the result is undefined if either operand is an 
invalid BCD number. An invalid number exists when 
any group of 4 bits over a slice has a value greater 
then 9. During addition, the carry output indicates 
that the result of the addition was greater than 9 
over the slice, and that a 1 must be added to the 
next BCD digit. 

The addition process can be speeded up by using 
a 2902 carry-look-ahead generator. In BCD additions, 
the propagation signal signifies that the result must 
be propagated out of the slice. The generation signal 
indicates that a result is already greater than 9, and 
that a carry output must be generated regardless of 
whether the carry input exists. The state of the 
propagation signal for results greater than 9 is 


7. Flowcharts for double-precision 6CD-to-binary conversion (a) and binary-to*BCD 
conversion (b) are similar to those for single-precision except for special shifting operations 
involved in multiprecision operation. 







BCD to Binary 
on Ri 
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of shifts must be a multiple of 4 to yield a meaningful 
result. 

Another special instruction facilitates multipreci¬ 
sion binary-to-BCD conversions. Called a multipreci¬ 
sion binary-to-BCD conversion, it acts like a normal 
binary-to-BCD conversion except for shifting of the 
Q register. Figure 7 shows the flowchart for the 
simplest double-precision binary-to-BCD conversion 
algorithm in a 16-bit system. Initially, the Q register 
stores the most significant half of the binary number 
after conversions, two registers, Ro and Ri— both 
initially cleared—store the most significant and least 
significant halves, respectively, of the BCD number. 

The shift for each binary bit requires two 
microcycles. The binary-to-BCD conversion is ex¬ 
ecuted first on Ri, and the most significant bit shifted 
out of Ri is stored as the carry bit (M,.) of the 2904 
(Fig. 8). Then the multiprecision binary-to-BCD 


SCO (MS) in ^ 

Ri Q 

HD CIZ] [ZDj V ' 

IP. 2904 BCD(LS) Binary (MS or LS) , , 

<w ^ 

8. Shift linkages between registers allow the 29203 to perform 
binary-to-BCD conversions (a), and multiprecision binary-to- 
BCD conversions. Usually, 16 shifts between registers are 
required to convert a number correctly from one base into 
another. Each bit takes two microcycles. 


Rq 

Ad)ii<;t & 


BCD (MSi 



conversion instruction is executed so the Ro is ad¬ 
justed as Me is shifted on. Together, the two instruc¬ 
tions account for one equivalent shift of the double¬ 
precision number as a whole. After 16 such shifts, 
the Q register is loaded with the least significant half 
of the binary number and the same operations are 
performed again 16 times. Once the single-precision 
binary number is converted into a double-precision 
BCD number, the algorithm can be terminated after 
16 shifts of the binary number. 

The BCD-to-binary-conversion instruction essen¬ 
tially reverses the steps of the binary-to-BCD con¬ 
version (Fig. 6b). The BCD number initially resides 
in one of the RAM registers and the Q register stores 
the binary equivalent during conversion. The BCD- 
to-binary algorithm requires that the BCD number 
first be shifted 1 bit down. Then 3 is subtracted from 
any BCD digit having a value of 8 or greater. 
However, since the 2903’s shifter comes after the 


ALU, the BCD-to-binary conversion instruction first 
performs the adjustment for a previous shift and 
then performs the shift in anticipation of the next 
instruction. The BCD number in Ro is first shifted 
down 1 bit to load its least significant bit into the 
most significant bit of the Q register. Then BCD- 
to-binary conversion is executed 15 times to perform 
the necessary adjustments and shift successively 
(Fig. 7). Ultimately, 16 shifts and 15 adjustments are 
performed on the binary number. An adjustment of 
the final shift is not required, since the binary 
number is fully formed, and the BCD number is zero 
at this point. As in the binary-to-BCD conversion 
instruction, the adjustment is done independently 
over each slice, and the carry bits play no role. 

Converting multiprecision BCD numbers to binary 
is similar to binary-to-BCD conversions. The 
simplest, but not the most efficient, scheme operates 
according to the flowchart in Fig. 5b for a double¬ 
precision number in a 16-bit system. 

Initially, the most significant half of the BCD 
number is stored in Ro, and the least significant half 
in Ri. The Q register stores a part of the binary 
equivalent during and after conversion. The BCD 
number as a whole must first be shifted down by 
1 bit. Register Ro is shifted down as shown so that 
its least significant bit is collected in the M^. or carry 
flip-flop of the 2904. Next, Ri and Q are shifted down, 
allowing M^. to be loaded into the most significant 
bit of Ri. The following two instructions perform the 
adjustments on this shift and downshift the adjusted 
numbers by 1 bit in preparation for the next adjust¬ 
ment and shift cycle. 

The multiprecision BCD-to-binary conversion in¬ 
struction is executed in Ro, which allows adjustment, 
downshifting, and storage of the least significant bit 
in M^. The following conversion instruction adjusts 
Ri and downshifts both Ri and Q, with M^ being 
loaded into the most significant bit of Ri. These two 
instructions are performed 15 times in a loop. As 
a result, Ro and Q are shifted 16 times. 

Since the contents in Ro are now all Os, there is 
no need for further shifting. The Q register contains 
the least significant half of the binary result, which 
is transferred to R 2 . Then the BCD-to-binary con¬ 
version is performed 16 times on Ri— using the 
linkages—so that a 0 is entered into the most 
significant bit of Ri. The most significant half of the 
binary number is available in the Q register at the 
end of the operation. □ 
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inconsequential, since the generation signal produces 
a carry output anyway. 

In subtractions, the carry output can be in¬ 
terpreted as a borrow. Borrowing is necessary in 
BCD arithmetic when the digit to be subtracted is 
larger than the digit from which it is subtracted. If 
both digits are equal, a borrow from a higher digit 
is necessary only if the previous digit borrows. This 
is equivalent to a borrow signal and is indicated on 
the propagation line. When borrowing is necessary, 
regardless of the previous digit, the generation line 
is active. 

A generation signal overrides a propagation, and 
when it is active, the state of the propagation does 
not matter. The carry-output signal, CN + 4, goes 
low when a borrow occurs from a high-order digit. 
Thus, when a larger number is subtracted from a 
smaller one, the absence of a carry-output signal 
from the most significant slice indicates that the 
result is available as a ten’s-complement number. 
The information then can be used for adjusting the 
sign of the number. There are several ways to store 
the sign of BCD numbers; usually they involve a tag 
bit or a digit to provide sign information. 

Binary to BCD and vice-versa 

The binary-to-BCD conversion instruction must be 
performed several times for a conversion. For the 
same number of bits, a binary representation of a 
number has a larger range of values than a BCD 
representation. Designers must therefore ensure 
that the binary number value does not exceed the 
BCD range before using the instruction. Multipreci¬ 
sion representations, in which the width of the BCD 
number is larger than the width of the system, 
permit a larger number range. A binary number can 
also be stored as a multiprecision number. Usually, 
multiprecision representations are integer multiples 
of the width of the system. Figure 5 shows a flow¬ 
chart for a single-precision conversion in a 16-bit¬ 
wide system. In this case, the binary-to-BCD con¬ 
version instruction must be executed 16 times. 

In single-precision conversion, an instruction re¬ 
quires that the binary number be present in the Q 
register. The instruction uses one of the RAM regis¬ 
ters for storing the BCD number during and after 
conversion; the RAM register must be cleared before 
use. Each instruction consists of two steps: The first 
adds a binary value of 3 to any BCD digit having 
a value of 5 or greater, as a preadjustment for a shift 
operation that follows. Addition is performed in¬ 
dependently over each slice, and the carry bits from 
each slice are ignored. The second step shifts up the 
Q register and the RAM register—interconnections 
are shown in Fig. 6a for a 16-bit system. The 29203 
executes both steps in one microcycle. The number 


Taking advantage of ECL technology 

ZeroT-detection logic exemplifies the methods used 
to improve the system performance of the Am29203 
4-bit-8!ice processor. The device was analyzed in a 
typical system configuration to identify critical-speed 
paths both in the chip and in the system. This analysis 
was performed by modeling various important buses 
and pins as nodes of a network and assigning realistic 
delay times for the paths connected by the nodes. 

A computer program identified the critical paths 
in the system. The 29203’s ECL technology was used 
to shorten the delays. For example, the speed of 
individual ECL gates may be changed merely by 
varying the gate’s power consumption. The more 
power supplied, the higher the speed, or the shorter 
the delay time through the gate. ECL designs have 
an advantage over TTL in that the speed-power curve 
is linear over a larger range of power. Thus, a wide 
variation in gate power consumption and speed is 
possible with ECL; with TTL, in contrast, a substan¬ 
tial change in power may not significantly increase 
gate speed. 

Because the total system power is a limited re¬ 
source, it must be used efficiently; more power must 
flow to gates in critical paths than to those in 
noncritical paths. Using this criterion, the critical 
paths in the 29203 have been optimized for the greatest 
possible speed with the technology. Examples of 
critical patiis are the carry, propagation, and genera¬ 
tion sisals, which need maximum speed for interfac- 
ii^ with an external Ara29202 when several chips are 
ots^ed. 

ECL design p^vides other important features that 
pptimize M high speed. TTL design often re¬ 
quire an Inv^^ in a signal path to obtain the desired 
polarity of a To obtain the trpe and complemen¬ 
tary ferine the TTL mverter introduces 

delay Into df paths. But l^L design, through 
Ih?. diifer^^if^^plifier automatically 

gates^i^s iii'^^^l.fmths. Wha^more, ECL allows 
destgpi .ftihn|^pP;iuch as wire<^R and wired- and, 
which aM' ii^^^ating the and functions 

wttho^^com^^piaignificant pc^er or introducing 
a ftilLgate ^^^{4^ide from inducing delay, the 
't^nltfe power available for speeding 

up 0 ^^ Ci^^plpnths. ThroO# this advanced 
t^hhoh^i architectural improvements, 

the ac^^|:%reater overall speed than other 
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Am29705 • Am29705A • Am29707 

16-Word by 4-Bit2-Port RAM 


DtSTINCTIVE CHARACTERISTICS 

• 16-word by 4-bit, 2-port RAM 

• Two output ports, each with separate output control 

• Separate four-bit latches on each output port (Am29707 
has separate output control) 

• Data output is noninverting with respect to data input 

• Chip select and write enable inputs for ease in cascading 

• Am29707 offers 20% improved cycle time over 
Am29705A when used with Am29203 in three 
address architecture 

• Am29705A is a pin-for-pin replacement for the Am29705 
with about a 30% speed improvement on the 

critical paths 


RELATED PRODUCTS 


Part No. 

Description 

Am29751A 

Bipolar PROM 

Am2921 

One-of-Eight Decoder 

Am25LS138 

One-of-Four Decoder 

Am25LS139 

Dual One-of-Four Decoder 

Am25LS157 

Quad 2-by-1 MUX 


GENERAL DESCRIPTION 

The Am29705 is a 16-word by 4-bit, two-port RAM built 
using advanced Low-Power Schottky processing. This 
RAM features two separate output ports such that any two 
4-bit words can be read from these outputs simultaneously. 
Each output port has a four-bit latch but a common Latch 
Enable (LE) input is used to control all eight latches. The 
device has two Write Enable (WE) inputs and is designed 
such that the Write Enable 1 (WEi) and Latch Enable (LE) 
inputs can be wired together to make the operation of the 
RAM appear edge triggered. 

The device has a fully decoded four-bit A-address field to 
address any of the 16 memory words for the A-output port. 
Likewise, a four-bit B-address input is used to simultane¬ 
ously select any of the 16 words for presentation at the 
B-output port. New incoming data is written into the four-bit 
RAM word selected by the B-address. The D inputs are 
used to load new data into the device. 

The Am29705 features three-state outputs so that several 
devices can be cascaded to increase the total number of 
memory words in the system. The A-outp ut port is in the 
high-impedance state when the OE-A input is HIGH. 
Likewise, the B- output port is in the high-impedance state 
when the OE-B input is HIGH. Four devices can be paral¬ 
leled using only one Am25LS139 decoder for output control. 

The Write Enable inputs control the writing of new data into 
the RAM. When both Write Enable inputs are LOW, new 
data is written into the word selected by the B-address field. 
When either Write Enable input is HIGH, no data is written 
into the RAM. 


Am29705 • Am29705A BLOCK DIAGRAM 



The Am29707 is an identical circuit to the Am29705, ex¬ 
cept each output port has a sep arate Latch Enable (LE) 
input. An extra write enable input (WE 2 ) may be connected 
directly to the lEN of the Am29203 for improved cycle 
times over the Am29705A. The WE/BLE input can then be 
connected directly to system clock. 

The Am29705A is a plug-in replacement for the Am29705, 
but is about 30% faster. The Am29705A and Am29707 
feature AMD’s advanced ion-implanted micro-oxide 
(IMOX^“) processing. 


Am29707 BLOCK DIAGRAM 


Do D, Dj D3 



vAo yAj yBo yBj MPR-856 


IMOX is a trademark of Advanced Micro Devices, Inc. 
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Am29705*Am29705A 


LOGIC SYMBOLS 


Am29707 


Dq Di 02 D3 




CONNECTION DIAGRAMS - Top Views 

Am29705« Am29705A 


Am29707 


'^CC ^7 D3 WEj Aq a, A2 A3 OE AOE BYA3 YB3 YA2 YB2 


'cc °2 ^3 WE2 Aq 


I OE A OE 8 YA3 YB’ 


3 YB3 yA2 YB2 


28 27 26 25 24 23 22 21 20 19 18 17 16 15 

J Am29705 


28 27 26 25 24 23 22 21 20 19 18 17 16 15 

J Am29707 

• 

1 2 3 4 5,6 7 8 9 10 11 12 13 14 


• 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 


D, Oq we, Bq B, B 2 S3 A LO LE YBq YAq yb, ya, gnd 


uuuuuuuun'nnnuQ 

D, Dq we, Bg B, 82 B3 ALE WE YBg YAg YB, YA, GND 


MPR-252 


MPR-852 


L-28-1 


Leadless Chip Carriers 


L-28-1 



.MPR.851 


MPR-853 


ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 


Am29707 

Am29705A 

Am29705 

Package Type 

Operating Range 

Screening Level 

Order Number 

Order Number 

Order Number 

(Notel) 

(Note 2) 

(Note 3) 

AM29707PC 

AM29705APC 

AM29705PC 

P-28 

C 

C-1 

AM29707DC 

AM29705ADC 

AM29705DC 

D-28 

C 

C-1 

AM29707DC-B 

AM29705ADC-B 

AM29705DC-B 

D-28 

C 

B-2 (Note 4) 

AM29707DM 

AM29705ADM 

AM29705DM 

D-28 

M 

C-3 

AM29707DM-B 

AM29705ADM-B 

AM29705DM-B 

D-28 

M 

B-3 

AM29707FM 

AM29705AFM 

AM29705FM 

F-28-1 

M 

C-3 

AM29707FM-B 

AM29705AFM-B 

AM29705FM-B 

F-28-1 

M 

B-3 

AM29707LC 

AM29705ALC 

AM29705LC 

L-28 

C 

C-1 

AM29707LM 

AM29705ALM 

AM29705LM 

L-28 

M 

C-3 

AM29707LM-B 

AM29705ALM-B 

AM29705LM-B 

L-28 

M 

B-3 

AM29707XC 

AM29705AXC 

AM29705XC 

Dice 

C 

] Visual inspection 
[ to MIL-STD-883 
) Method 201 OB. 

AM29707XM 

AM29705AXM 

AM29705XM 

Dice 

M 


Notes; 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for 

detailed outline. Where Appendix B contains several dash numbers, any of the variations of the package may be used 
unless otherwise specified. 

2. C = 0to+70°C,Vcc = 4.75to5.25V,M= -55 to+125°C, Vcc = 4.50to5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to 
MIL-STD-883, Class B. 

4. 96 hour burn-in. 
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PIN DEFINITIONS 


D 0 -D 3 Data Inputs 

New data is written into the RAM through these 
inputs. 

A 0 -A 3 The A-Address Inputs 

The four-bit field presented at the A inputs selects 
one of the 16 memory words for presentation to 
the A-Data Latch. 

B 0 -B 3 The B-Address Inputs 

The four bit field presented at the B inputs selects 
one of the 16 memory words for presentation to 
the B-Data Latch. The B address field also selects 
the word into which new data is written. 


YA 0 -YA 3 

YB 0 -YB 3 

WEi,WE2 


OE-A 


OE-B 


The Four A-Data Latch Outputs 
The Four B-Data Latch Outputs 
Write Enables 

When both Write Enables are LOW, new data is 
written into the word selected by the B-address 
field. If either Write Enable input is HIGH, no new 
data can be written into the memory. 

A-Por t Outp ut Enable 

When OE-A is LOW, data in the A- Data Latch is 
present at the YAj outputs. If OE-A is HIGH, the 
YAj outputs are in the high-impedance (off) state. 

B-Por t Outp ut Enable 

When OE-B is LOW, data in the B-Data Latch is 
present at the YBj outputs. When OE-B is HIGH 
the YBj outputs are in the high-impedance (off) 
state. 


LE Latch Enable 

The LE input controls the latches for both the RAM 
A-output port and RAM B-output port. When the 
LE input is HIGH, the latches are open (trans- 


A-LO 


ALE 


WE/BLE 


parent) and data from the RAM, as selected by the 
A and B address fields, is present at the outputs. 
When LE is LOW, the latches are closed and they 
retain the last data read from the RAM indepen¬ 
dent of the current A and B address field inputs. 
(Am29705A • Am29705A only.) 

Force A Zero 

This input is used to force the outputs of the A-port 
latches LOW independent of the Latch Enable 
input or A-address field select inputs. Thus, the 
A-output bus can b e force d LOW using this control 
signal. When the A-LO input is HIGH, the A 
latches operate in their normal fashion. Once the A 
latches are force d LOW , they remain LOW inde¬ 
pendent of the A-LO input if the latches are 
closed. (Am29705 • Am29705A only.) 

A-Output Port Latch Enable 

When ALE is HIGH, the A latch is open (trans¬ 
parent) and data from the RAM, as selected by the 
A address field, is present at the A output. When 
ALE is LOW, the A latch is closed and retains the 
last data read from the RAM independent of the 
current A address field input. (Am29707 only.) 

Write Enable/B-Output Port Latch En able 

Whe n WE/BLE is LOW together with WEi and 
WE 2 , new data is written into the word selected 
by the B address field. When WE/BLE or any 
Write Enable input is HIGH, no data is written into 
the RAM. 

WE/BLE also controls the B output port. When 
WE/BLE is HIGH, the B latch is open (trans¬ 
parent), and when this input is LOW, the B latch is 
closed (Am29707 only). 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 
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FUNCTION TABLES 

Am29705 • Am29705A 
WRITE CONTROL 


WEi 

WE2 

Function 

RAM Outputs at Latch Inputs 

A-Port 

B-Port 

L 

L 

Write D into B 

A data (A = B) 

Input Data 

L 

L 

Write D into B 

(A = B) Input Data 

Input Data 

X 

H 

No Write 

A Data 

B Data 

H 

X 

No Write 

A Data 

B Data 


H = HIGH L = LOW X = Don’t Care 

YA READ YB READ 


H = HIGH X = Don’t Care NC == No change 

H = HIGH X == Don’t Care NC = No Change L LOW Z High Impedance 

L = LOW Z = High Impedance 


Am29707 
WRITE CONTROL 


——-- 

WEi 

WE 2 

WE/BLE 

Function 

RAM Outputs at Latch Inputs 

A-Port 

B-Port 

L 

L 

L 

Write D into B 

A Data (A = B) 

Not Specified 

X 

X 

H 

No Write 

A Data 

B Data 

X 

H 

X 

No Write 

A Data 

B Data 

H 

X 

X 

No Write 

A Data 

B Data 


H-HIGH L=LOW X = Don’t Care 

YAREAD YBREAD 


H -HIGH 

L = LOW 

D = Don’t Care 

Z = High Impedance 

NC No Change 

H = HIGH 

L = LOW 

D - 
Z - 

Don’t Care 

High impedance 

NC == No Change 

Input 

Input/Output Pin No.'s Unit Load 

LOADING RULES (In Unit Loads) 
Fan-out 

Output Output 

HIGH LOW Input/Output 

Input 

Pin No.'s Unit Load 

Fan-out 

Output Output 
HIGH LOW 

Di 

1 1 


YAi 

13 

- 

100/200 

33 

Do 

2 1 

- 

GND 

14 

- 

- 

- 

\NE^ 

3 1 

- 

YB2 

15 

- 

100/200 

33 

Bo 

4 0.55 

-- 

YA2 

16 

- 

100/200 

33 

B1 

5 0.55 

- 

YB3 

17 

__ 

100/200 

33 

B2 

6 0.55 

- 

YA3 

18 

- 

100/200 

33 

B3 

7 0.55 

- 

OE-B 

19 

1 


- 

A-LO i?9'05 
Only) 

8 1 


OE-A 

20 

1 

- 



A3 

21 

0.55 

- 

- 

LE (29705 Only) 

9 1 

- 

A2 

22 

0.55 

_ 

- 

ALE 

Only) 

8 1 


A1 

23 

0.55 

- 

- 


Ao 

24 

0.55 

- 

- 

WE/BLE 

Wt/BLE 

9 1 


WI2 

25 

1 

- 

- 


D3 

26 

1 

- 

- 

YBo 

10 

100/200 33 

□2 

27 

1 

- 

- 

YAo 

11 

100/200 33, 

< 

0 

0 

28 

-- 

- 

- 

YBi 

12 

100/200 33 







Inputs 

YB Output 

Function 

OE-B 

WE/BLE 

H 

X 

z 

High Impedance 

L 

H 

B-Port RAM Data 

Latches Transparent 

L ! 

L 

NC 

Latches Retain Data 


Inputs 

YA Output 

Function 

OE-A 

ALE 

H 

X 

z 

High Impedance 


H 

A-Port RAM Data 

Latches Transparent 

L 

L 

NC 

Latches Retain Data 


Inputs 

YB Output 

Function 

OE-B 

LE 

H 

X 

z 

High Impedance 

L 

H 

B-Port RAM Data 

Latches Transparent 

L 

L 

NC 

Latches Retain Data 


1 Inputs 

YA Output 

Function 

OE-A 

A-LO 

LE 

H 

X 

X 

Z 

High Impedance 

L 

L j 

X 

L 

Force YA LOW 

L 

H 1 

H 

A-Port RAM Data 

Latches T ransparent 

L 

H 

L 

NC 

Latches Retain Data 
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ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE 
OPERATING RANGE 


Part Number 

Suffix Vcc Temperature 


PC, PC-B 

DC, DC-B 

XC 

4.75 to 5.25V 

Ta= Oto +70°C 

DM, DM-B 

FM, FM-B 

XM 

4.5 to 5.5V 

Ta= -55to+125°C 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5V to +7.0V 

DC Voltage Applied to Outputs for HIGH Output State 

—0.5V to +Vcc 

DC Input Voltage 

-0.5V to +5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

—30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Typ. 

Parameters Description Test Conditions (Note i) Min. (Note 2 ) Max. Units 


VoH 

Output HIGH Voltage 

Vcc = min. 

V|N = V|H or V|L 

MIL, Iqh = -2.0mA 

2.4 



Volts 

COM'L, Iqh ~ —4.0mA 

2.4 



Vql 

Output LOW Voltage 

Vcc = min. 

V|N = V|H or V|L 

•OL ~ 4.0mA 



0.4 

Volts 

•OL “ 8.0mA 



0.45 

•OL “ ^ 2mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc ” min., I||\| = —18mA 



-1.5 

Volts 

«IL 

Input LOW Current 

Vcc = max., V||vj = 0.4V 

Aj, Bj 



-0.25 

mA 

OE-A, OE-B 



-0.54 

Others 



-0.36 

'IH 

Input HIGH Current 

Vcc = max., V||vj = 2.7 V 



20 

mA 

•l 

Input HIGH Current 

Vcc = max., Vjisi = 5 5V 



0.1 

mA 

•o 

Off State (High Impedance) 

Output Current 

Vcc = max. 

V|N = V|H or V||_ 

Vq = 2.7V 



20 

mA 

Vq = 0.4V 



-20 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-30 


-85 

mA 

•cc 

Power Supply Current 

Vcc = max. 

(Worst case Ice at 
minimum temperature) 
(Note 4) 

Ta = 25°C 


121 

195 

mA 

Ta *0°Cto +70° C 



210 

Ta = 70° C 



170 

Tc = -55°Cto +125°C 



210 

Tc = 125°C 



150 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output s hould be s horte d at a time. Duration of the short circuit test should not exceed one second. 

4. All inputs grounded except OE-A and OE-B =2.4V. 
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Am29705/29705A/29707 

Am29705A SWITCHING CHARACTERISTICS 

(Output levels = 0 and 3.0V, transitions measured at 1.5V) 
(Rl = 390a, Cl 50pF) 


Test 

Parameters From To Conditions 

TA = 0to+70X 
Vcc = 4.75tO 5.25V 

TA = -55to+125‘’C 
Vcc = 4.5 to 5.5V 

Access Time 

A Address Stable or 

B Address Stable 

YA Stable or 

YB Stable 

LE = HIGH 

28 

30 

Turn-On Time 

OE^ or OE^ LOW 

YA or YB Stable 


20 

20 

Turn-Off Time 

OE^orOE^HIGH 

YA or YB Off 


20 

20 

Reset Time 

A-LO LOW 

YALOW 


20 

25 

Enable Time 

LEHIGH 

YA and YB Stable 


20 

25 

Transparency 

^or^ 

YA or YB 


35 

40 

D 

YAorYB 


35 

40 


MINIMUM SETUP AND HOLD TIME (in ns) 


Test 

Parameters From To Conditions 

Ta = OtO-fTOX 
Vcc = 5.0V ±5% 
Max 

Ta= -55to+125“C 
Vcc = 4.5 to 5.5V 

Data Setup Time 

D Stable 

Either WE HIGH 


12 

15 

Data Hold Time 

Either^ HIGH 

D Changing 


3 

0 

Address Setup Time 

B Stable 

Both WE LOW 


0 

3 

Address Hold Time 

Either WE HIGH 

B Changing 


3 

0 

Latch Close Before 

Write Begins 

LE LOW 

wFi LOW 

we2 low 

0 

0 

LE LOW 

^2 LOW 

^ LOW 

0 

0 

Address Setup 

Before Latch Closes 

A or B Stable 

LE LOW 


15 

20 


MINIMUM PULSE WIDTHS 


Test 

Parameters Input Pulse Conditions 

TA = 0to +70°C 
Vcc = 5.0V ±5% 
Max 

Ta = -55to +125°C 
Vcc = 4.5 to 5.5V 

Write Pulse Width 


HIGH-LOW-HIGH 

we2 low 

20 

20 

WE^ 

HIGH-LOW-HIGH 

^ LOW 

20 

20 

A Latch Reset Pulse 

aTo 

HIGH-LOW-HIGH 


15 

15 

Latch Data Capture 

LE 

LOW-HIGH-LOW 


15 

15 


Note: The Am29705A meet or exceeds all of the specifications of the Am29705. 



















Am29705/29705A/29707 


Am29705 SWITCHING CHARACTERISTICS 

(Output levels = 0 and 3.0V, transitions measured at 1.5V) 
(Rl = 390n, Cl - 50pF) 


Parameters 

From 

To 

Test 

Conditions 

TA = 0to+70°C 
Vcc = 4.75tO 5.25V 

Ta= -55to+125”C 
Vcc = 4.5to5.5V 

Access Time 

A Address Stable or 

B Address Stable 

YA Stable or 

YB Stable 

LE = HIGH 

53 

58 

Turn-On Time 

OE^orOE^LOW 

YAorYB Stable 


30 

30 

Turn-Off Time 

OE-AorOE-BHIGH 

YAorYBOff 

1 

20 

20 

Reset Time 

/HIolow 

YALOW 


35 

35 

Enable Time 

LE HIGH 

YA and YB Stable 


32 

32 


MINIMUM SETUP AND HOLD TIMES (in ns) 


Test 

Parameters From To Conditions 

TA = 0to+70“C 
Vcc = 5.0V ±5% 
Max 

Ta = -55to-l-125‘’C 
Vcc = 4.5 to 5.5V 

Data Setup Time 

D Stable 

Either WE HIGH 


20 

25 

Data Hold Time 

Either^ HIGH 

D Changing 


3 

5 

Address Setup Time 

B Stable 

Both WE LOW 


5 

5 

Address Hotd Time 

Either WE HIGH 

B Changing 


0 

0 

Latch Close Before 

Write Begins ’ 

LE LOW 

LOW 

we2 low 

0 

0 

LE LOW 

WE^LOW 

LOW 

0 

0 

Address Setup 

Before Latch Closes 

A or B Stable 

LE LOW 


45 

50 


MINIMUM PULSE WIDTHS 


1 

Test 

Parameters Input Pulse Conditions 

TA = 0to-l-70‘’C 
Vcc = 5.0V ±5% 
Max 

Ta = -55tO+125X 
Vcc = 4.5 to 5.5V 

Write Pulse Width 

WE^ 

HIGH-LOW-HIGH 

we2 low 

25 

25 


HIGH-LOW-HIGH 

wb; low 

20 

20 

A Latch Reset Pulse 

aTo 

HIGH-LOW-HIGH 


20 

20 

Latch Data Capture 

LE 

LOW-HIGH-LOW 

_i 

20 

25 
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Am29705/29705A/29707 

Am29707 SWITCHING CHARACTERISTICS 

(Output levels = 0 and 3.0V, transitions measured at 1.5V) 
(RL=390a,CL=50pF) 


Parameters 

From 

To 

Conditions 

Ta = 25°C 

Vcc = <-75 to 5.25V 

Access Time 

A Address Stable or 

B Address Stable 

YA Stable or 

YB Stable 

LE = HIGH 

13 

Turn-On Time 

OE^ or OE^ LOW 

YA or YB Stable 


6 

Turn-Off Time 

OE^orOE^HIGH 

YA or YB Off 


13 

Reset Time 

aTo low 

YA LOW 


8 

Enable Time 

LE HIGH 

YA and YB Stable 


8 

Transparency 

WE or WE 2 

YA or YB 


12 

D 

YA or YB 


14 


Minimum Set-up and Hold Times (in ns) 

Parameters From To Conditions 

Ta = 25°C 

Vcc = 5.0V ±5% 

Max 

Data Set-Up Time 

D Stable 

Either WE HIGH 


2 

Data Hold Time 

Either WE HIGH 

D Changing 


4 

Address Set-Up Time 

B Stable 

Both WE LOW 


-1 

Address Hold Time 

Either WE HIGH 

B Changing 


8 

Latch Close 

Before Write Begins 

LE LOW 

WEi LOW 

we2 low 

0 

LE LOW 

WEi LOW 

LOW 

0 

Address Set-Up 

Before Latch Closes 

A or B Stable 

LE LOW 


7 


Minimum Pulse Widths 

Parameters Input Pulse Conditions 

Ta = 0 to -I-70X 
Vcc = 5.0V ±5% 

Max 

Write Pulse Width 

WEi 

HIGH-LOW-HIGH 

we2 low 

25 

WE2 

HIGH-LOW-HIGH 

WE*! LOW 

20 

A Latch Reset Pulse 

A-LO 

HIGH-LOW-HIGH 


20 

Latch Data Capture 

LE 

LOW-HIGH-LOW 


20 
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Am29705/29705A/29707 


TEST OUTPUT LOAD CONFIGURATIONS FOR Am29705 


A. THREE-STATE OUTPUTS 

Vcc 



R1 = 


5.0 - Vbe - VoL 
lOL + Vol/1K 


MPR-854 


Notes: 1. C|_ = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 

2. S-i, S 2 , S 3 are closed during function tests and all A.C. tests except output enable tests. 

3. Si and S 3 are closed while S 2 is open for tpzn test. 

and S 2 are closed while S 3 is open for tpzL test. 

4. Cl = 5pF for output disable tests. 


TEST OUTPUT LOADS FOR Am29705 


Pin# 

(DIP) 

Pin Label 

Test 

Circuit 

Ri 

R2 

- 

YAo-3 

A 

312 

IK 

- 

YB 0.3 

A 

312 

IK 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
cause erroneous function failures due to Vqc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground 


cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach Vjl 
or V|H until the noise has settled. AMD recommends using 
V|L ^ 0.4V and Vm 5= 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation 
on our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Am29705/29705A/29707 


USING THE Am29705 AND Am29707 

The Am2903 and Am29203 each contain only 16 scratchpad 
registers plus the Q register. For applications which require 
more than 17 registers, the register set of the Am2903 and 
Am29203 can be easily expanded. 

- Use the Am29705 with the Am2903 

- Use the Am29707 with the Am29203 


All references to the Am29705 include the Am29705A. 

For further applications information on using the Am29705 with 
the Am2903, see Chapter lil of Bit Slice Microprocessor 
Design, Mick and Brick, McGraw-Hill Publications. 



MPR-259 


The Am29705 as a two-way interface buffer. Data may be passed between the main data bus and the peri¬ 
pheral data bus under I/O control. The two-port RAM allows data to be written into buffer storage from a 
peripheral device, using the B address port and the S counter register, vvhile it is being read into main memory, 
using the A address port and the Q counter register. This simultaneous read/write capability facilitates DMA 
transfers because the CPU can ignore write requests from the peripheral device. Data output from CPU to 
the peripheral device is handled by sequential write and read operations. Data is written into buffer storage 
from the CPU, using the B address port and the R counter register. It is read onto the peripheral device using 
the B address port and either the R register, for single vvord transfers, or the S register, for block transfers. 
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Am29705/29705A/29707 


APPLICATIONS (Cont.) 


Dq D 2 D3 



MPR-257 


A 16-word by 4-blt two-port RAM with LE and WEi connected to make the device appear edge triggered. 
WEi and WE2 are logically identical but are electrically slightly different. For synchronous operation with¬ 
out possibility of race, WE-) should be connected to LE. 





A OUTPUT , B OUTPUT 


MPR-258 

A 64-word by 4-bit three address memory. Data is read from the A address to the YA outputs and from the 
B address to the YB outputs while the latch enable is HIGH. When the latch enable goes LOW, the YA and 
YB data is held in the Internal latches, and the RAM B address is switched to the C-destination address lines. 

A write pulse will then deposit the input data into the location selected by the C address. 






Am29705/29705A/29707 


APPLICATIONS (Cont.) 


BUS 1 BUS 2 BUS 3 CP 


BUS 4 BUS 5 



SOURCE 

B3-B0 


Ani29203 EXPANDED MEMORY 

A 48-worcl by 4-bit expanded memory for the Am29203 using the Am29707. The Am29751 PROM serves as 
a constant store. 
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Am29803A 

16-Way Branch Control Unit 


DISTINCTIVE CHARACTERISTICS 

• 16 separate instructions - 2,4,8 or 16-way branch in 
one microprogram execution cycle 

• Four individual test inputs 

• Four individual outputs for driving the four OR inputs on 
the Am2909A Microprogram Sequencer 

• Provides maximum branch capability in a microprogram 
control unit using the Am2909 

• Advanced Low-Power Schottky processing 


FUNCTIONAL DESCRIPTION 

The Am29803A is a Low-Power Schottky processed device 
that provides 16-way branch control when used in conjunc¬ 
tion with the Am2909A Microprogram Sequencer. 

The device features 16 instructions that provide all combi¬ 
nations of simultaneous testing of four different inputs. The 
device has four outputs that are used to drive the four OR 
inputs of the Am2909A Microprogram Sequencer. 

The “zero” instruction inhibits the testing of any of the four 
test (T) inputs. The remaining 15 instructions are used to 
test combinations of 1, 2, 3 or 4 of the T inputs simultane¬ 
ously. If one T input is being tested, the Am29803A will 
select one of two possible addresses. If two T inputs are 
being tested, the device will select one of four possible 
addresses. If three T inputs are being tested, the device will 
select one of eight possible addresses. If all four T inputs 
are being tested, the device will select one of sixteen ad¬ 
dresses as the field used to drive the OR inputs of the 
Am2909A. 














Am29803A 

MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65‘’C to +150°C 

Temperature (Ambient) Under Bias 

-55°C to+125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

-0.5V to +7.0V 

DC Voltage Applied to Outputs 

-0.5V to +Vcc rnax. 

DC Input Voltage 

-0.5V to +5.5V 

DC Input Current 

-30mA to +5mA 


OPERATING RANGE 


COM’L 

Am29803ADC 

Ta = 0°C to +75°C 

Vcc = 5.0V ±5% 

MIL 

Am29803ADM 

Ta = -55°C to +125°C 

Vcc = 5.0V ±10% 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
PRELIMINARY DATA 


Typ. 

Parameters Description Test Conditions Min. (Notei) Max. Units 


VOH 

Output HIGH Voltage 

Vcc " min., Iqh = -2 .0mA 

V|N = V|Hor V|L 

2.4 



Volts 

Vql 

Output LOW Voltage 

Vqc ~ MIN., Iql = 16mA 

V|N = V|H or V|L 



0.45 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for ail inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

»IL 

Input LOW Current 

Vcc = max.. V||M = 0.45V 


-0.010 

-0.250 

mA 

'IH 

Input HIGH Current 

Vcc " max., V|n = 2.7v 



25 

mA 

•i 

Input HIGH Current 

Vcc = max.. Vim = 5.5V 



1.0 

mA 

«SC ; 

Output Short Circuit Current 

Vcc = max., VquT = O OV (Note 2) 

-20 

-40 

-90 

mA 

•cc 

Power Supply Current 

All inputs = GND 

Vcc = max. 


95 

130 

mA 

V| 

Input Clamp Voltage 

Vcc ~ min., I|(\j = —18mA 



-1.2 

Volts 

•CEX 

Output Leakage Current 

Vcc = max. 
Vcsi = 2.4V 


Vo = 4.5V 



40 

mA 


Vo = 2.4V 



40 

Vo = 0.4V 



-40 

C|N 

Input Capacitance 

V,,vj = 2.0V @ f = 1 MHz (Note 3) 


4 


PF 

^OUT 

Output Capacitance 

VouT ^ 2.0V @ f = 1 MHz (Note 3) 


8 



Note 1. Typical limits are at = 5.0V and = 25°C 

2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 

3. These parameters are not 100% tested, but are periodically sampled. 


5-426 










Am29803A 


SWITCHING CHARACTERISTICS 

(Ta = +25°C. Vcc = 5.0V) 


Parameters 

Description 

Test Conditions 

Min. 

Typ. 

Max. 

Units 

tPLH 

Ij to ORj 



25 

35 

ns 

tPHL 



tPLH 

T| to ORj 

Ci_ = 15pF 


25 

35 

ns 

tPHL 

R[_ = 2.0 krz 


tZH 

OE| to ORj 



15 

18 


*ZL 




tHZ 

OEj to ORj 

Cl = B.OpF 


15 

18 

ns 

tLZ 

RL = 2.0kn 



SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE 

Parameters Description Test Conditions 

COM'L 

MIL 

Units 

Ta = 0°C to +70°C 
Vcc = 5.0 V ±5% 

Min. Max. 

Ta = -55°C to +125°C 
Vcc = 5.0 V ±10% 

Min. Max. 

*PLH 

IjtoORj 

Cl = 15pF 

Rl = 2 . 0 kfi 


45 


60 


tPHL 

tPLH 

Tj to ORj 


45 


60 

■ 

tPHL 

tZH 

OEj to ORj 


30 

' 

. 

30 


*ZL 

tHZ 

1 ^j to ORj 


20 


20 

m 

tLZ 


DEFINITJON OF FUNCTIONAL TERMS 

* 0 'h'* 2'*3 instruction inputs to the 

device 

Tq T'|,T 2 , T 3 The four test inputs for the device 

ORq, 0R<|, OR 2 , OR 3 The four outputs of the device that are 
connected to the four OR inputs of the 

_ _ Am2909 _ 

OE«|, OE 2 Output Enable. When either OE input 

is HIGH, the ORj outputs are in the 
high impedance state. When both the 
OEt and OE 2 inputs are LOW, the OR 
outputs are enabled and the selected 
data will be present. 


LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 

MPR-312 


GUARANTEED LOADING RULES 
OVER OPERATING RANGE {In Unit Loads) 


A Low-Power Schottky TTL Unit Load is defined as 20)UA measured at 
2.7V HIGH and -0.36mA measured at 0.4V LOW. 


Pin No.'s 

Input/Output 

Input 

Load 

Output 

HIGH 

Output 

LOW 

MIL COM'L 

1 l 2 

0.5 

- 

- 

- 

2 ll 

0.5 

- 

- 

- 

3 

•o 

0.5 

- 

- 

- 

4 

T3 

0.5 

- 

- 

- 

5 

To 

0.5 

- 

- 

- 

6 

Tl 

0.5 

- 

- 

- 

7 

T 2 

0.5 

- 

- 

- 

8 

GND 

- 

- 

- 

- 

9 

ORq 

- 

100 

44 

44 

10 

ORi 

- 

100 

44 

44 

11 

OR 2 

- 

100 

44 

44 

12 

OR 3 

- 

100 

44 

44 

13 

oil 

0.5 

- 

- 

- 

14 

OE 2 

0.5 

- 

- 

- 

15 

'3 

0.5 

- 

- 

- 

16 

Vcc 

- 

- 

- 

- 
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Am29803A 


FUNCTION TABLE 


Function 

I3 I2 li Iq 

T3 T2 Ti Tq 

OR3 OR2 OR*! ORq 

No T est 

L L L L 

X X X X 

L L L L 

Test To 

L L L H 

X X X L 

X X X H 

L L L L 

L L L H 

Test T 1 

L L H L 

X X L X 

X X H X 

L L L L 

L L L H 

Test Tq & T i 

L L H H 

X X L L 

X X L H 

X X H L 

X X H H 

L L L L 

L L L H 

L L H L 

L L H H 

Test T 2 

L H L L 

X L X X 

X H X X 

L L L L 

L L L H 

Test Tq & T 2 

L H L H 

X L X L 

X L X H 

X H X L 

X H X H 

L L L L 

L L L H 

L L H L 

L L H H 

Test Ti & T 2 

L H ' H L 

X L L X 

X L H X 

X H L X 

X H H X 

L L L L 

L L L H 

L L H L 

L L H H 

Test Tq, T-| & T 2 

L H H H 

X L L L 

X L L H 

X L H L 

X L H H 

X H L L 

X H L H 

X H H L 

X H H H 

L L L L 

L L L H 

L L H L 

L L H H 

L H L L 

L H L H 

L H H L 

L H H H 

Test T 3 

H L L L 

L X X X 

H X X X 

L L L L 

L ■ L L H 

Test Tq & T 3 

H L L H 

L X X L 

' L X X H 

H X X L 

H X X H 

L L L L 

L L L H 

L L H L 

L L H H 

Test T 1 & T 3 

H L H L 

L X L X 

L X H X 

H X L X 

H X H X 

L L L L 

L L L H 

L L H L 

L L H H 

Test Tq, T-] & T 3 

H L H H 

L X L L 

L X L H 

L X H L 

L X H H 

H X L L 

H X L H 

H X H L 

H X H H 

L L L L 

L L L H 

L L H L 

L L H H 

L H L L 

L H L H 

L H H L 

L H H H 

Test T 2 & T 3 

H H / L L 

L L X X 

L H X X 

H L X X 

H H X X 

L L L L 

L L L H 

L L H L 

L L H H 

Test Tq, T 2 & T 3 

H H L H 

L L X L 

L L X H 

L H X L 

L H X H 

H L X L 

H L X H 

H H X L 

H H X H 

L L L L 

L L L H 

L L H L 

L L H H 

L H L L 

L H L H 

L H H L 

L H H H 

TestTi,T 2 &T 3 

H H H L 

L L L X 

L L H X 

L H L X 

L H H X 

H L L X 

H L H X 

H H L X 

H H H X 

L L L L 

L L L H 

L L H L. 

L L H H 

L H L L 

L H L H 

L H H L 

L H H H 

TestTo,Ti,T 2 &T 3 

H H H H 

L L L L 

L L L H 

L L H L 

L L H H 

L H L L 

L H L H 

L H H L 

L H H H 

H L L L 

H L L H 

H L H L 

H L H H 

H H L L 

H H L H 

H H H L 

H H H H 

L L L L 

L L L H 

L L H L 

L L H H 

L H L L 

L H L H 

- L H H L 

L H H H 

H L L L 

H L L H 

H L H L 

H L H H 

H H L L 

H H L H 

H H / H L 

H H H H 


L = LOW, H = HIGH, X = Don't care 
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ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Order 

Number 

Package Type 
(Note 1) 

Operating Range 
(Note 2) 

Screening Level 
(Note 3) 

AM29803APC 

P-16 

C 

C-1 

AM29803ADC 

D-16 

C 

C-1 

AM29803ADC-B 

D-16 

C 

B-1 

AM29803ADM 

D-16 

M 

C-3 

AM29803ADM-B 

D-16 

M 

B-3 

AM^9803AFM 

F-16 

M 

C-3 

AM29803AFM-B 

F-16 

M 

B-3 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Numbe? following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C = 0°C to +70°C, Vcc = 4.75V to 5.25V, M = - 55°C to +125°C, Vcc = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 


APPLICATION 



A typical computer control unit using the Am2909, Am2911, Am29803A and Am29811A, Note that 
the least significant microprogram sequencer is an Am2909 and the more significant sequencers 
areAm29n's. 
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Am29811A 

Next Address Control Unit 


DISTINCTIVE CHARACTERISTICS 

• Next address control unit for the Am2911A Microprogram 
Sequencer 

• 16 next address Instructions 

• Test input for conditional instructions 

• Separate outputs to control the Am2911A, an independent 
event counter, and a mapping PROM/branch address 
interface 

• Advanced Low-PowerSchottky technology 


LOGIC DIAGRAM 



P = Pass 
F = Fail 


FUNCTIONAL CHARACTERISTICS 

The Am29811A is a Low-Power Schottky device designed 
specifically for next address control of the Am2911A Micropro¬ 
gram Sequencer. The device contains all outputs required to 
control a high-performance computer control unit or a structured 
state machine design using microprogramming techniques. 

Sixteen instructions are available by using a four-bit instruction 
field I 0 - 3 . In addition, a test input is available such that condi¬ 
tional instructions can be performed based on a condition code 
test input. 

The full instruction set consists of such functions as conditional 
jumps, conditional jump-to-subroutine, conditional return- 
from-subroutine, conditional repeat loops, conditional branch to 
starting address, and so forth. 

One Am29811A can be used to control any number of Am2911A 
Microprogram Sequencers. The Am2911A Sequencer is a 
four-bit slice itself. Thus, one Am29811A Next Address Control 
Unit and three Am291lA Microprogram Sequencers can be 
used to build a powerful, microprogram sequencer capable of 
controlling 4k words of microprogram memory. 

CONNECTION DIAGRAM 
Top View 

P16,D16 



F-16 pin configuration identical to D-16, P-16. 

Note: Pin 1 is marked for orientation. MPR-315 


LOGIC SYMBOL 


Vqq = Pin 16 
GND = Pin 8 
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Am29811A 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°C to +150°C 

Temperature (Ambient) Under Bias 

-55°C to +125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

-0.5V to +7.0V 

DC Voltage Applied to Outputs 

-0.5V to +Vcc nnax. 

DC Input Voltage 

-0.5V to +5.5V 

DC Input Current 

-30mA to +5mA 


OPERATING RANGE 


COM’L 

Am29811ADC 

Ta = OX to +75X 

Vcc = 5.0V ±5% 

MIL 

Am2981lADM 

Ta = -55Xto+125X 

Vcc = 5.0V ±10% 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
PRELIMINARY DATA 

Typ. 


Parameters 

Description 

Test Conditions 

Min. 

(Note 1) 

Max. 

Units 

Vqh 

Output HIGH Voltage 

Vqc ~ MfN., Iqh ~ —2.0mA 

V|M = V|H or V|L 

2.4 



Volts 

VOL 

Output LOW Voltage 

V^c ~ MIN., Iql “ 16mA 

ViN = V|HorV|L 



0.45 

Volts 

VlH 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

•IL 

Input LOW Current 

Vcc = max., V|m = 0.45V 


-0.010 

-0.250 

mA 

•iH 

Input HIGH Current 

Vcc = max., V|N = 2.7V 



25 

mA 

l| 

Input HIGH Current 

Vcc = max., V|n = 5.5V 



1.0 

mA 

•sc i 

Output Short Circuit Current 

Vcc = max., VquT = O-OV (Note 2) 

-20 

-40 

-90 

mA 

•cc 

Power Supply Current 

All inputs = GND 

Vcc == max. 


90 

115 

mA 

V| 

Input Clamp Voltage 

Vcc = min., I|m = -18mA 



-1.2 

Volts 



Vcc = max. 

Ves = 2.4V 


Vo = 4.5V 



40 


•CEX 

Output Leakage Current 


Vo = 2.4V 



40 

mA 




Vo = 0.4V 



-40 


C|N 

Input Capacitance 

V,,^ = 2.0V @ f = 1 MHz (Note 3) 



.| 

pF 

^OUT 

Output Capacitance 

VouT = 2.0V @ f = 1 MHz (Note 3) 


8 

-1 



Notes: 1. Typical limits are at Vqq = 5.0 V and T/^ = 25°C. 

2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 

3. These parameters are not 100% tested, but periodically sampled. 








Am29d11A 

SWITCHING CHARACTERISTiCS 

(Ta = +25°C, Vcc = 5.0V) 


Parameters 

Description 

Test Conditions 

Min. 

Typ. 

Max. 

Units 

tPLH 

Ij to Any Output 



25 

35 

ns 

tPHL 



tPLH 

Test to Any Output 

Cl = 15pF 


25 

35 

ns 

tpHL 

Rl = 2.0kn 


tZH 

OE to Any Output 



15 

20 

ns 

tZL 



tHZ 

OE to Any Output 

Cl = 5.0pF 


15 

20 

ns 

tLZ 

RL = 2.0ki7 



SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE 

Parameters Description Test Conditions 

COM'L 

MIL 

Units 

Ta = 0°C to +70°C 
Vcc = 5 0 V ±5% 

Min. Max. 

TA = -55°Cto +125°C 
Vcc = 5.0 V ±10% 

Min. Max. 

tPLH 

Ij to Any Output 

Ci_ = 15pF 

R|^ = 2.0kn 


40 


50 

ns 

tPHL 

tpLH 

Test to Any Output 


40 


50 

ns 

tpHL 

tZH 

OE to Any Output 


25 


30 

ns 

tZL 

tHZ 

OE to Any Output 


25 ' 1 


30 

ns 

tLZ 


DEFINITION OF FUNCTIONAL TERMS 

lo» li/ 12 # I 3 The four instruction inputs to the Am29811 A. 

TEST The condition code input to the device. When 
the test input is LOVV, the device assumes 
the test has failed. When the test input 
is HIGH, the device assumes the condition 
code required has been met; the test has 
passed. 


Pipeline 

Enable 


FE File 
Enable 


PUP 


Coun ter 

Load 


Counte r 

Enable 


This output is used to drive the parallel load 
Input of an Am25LSl69 up/down counter. 

This output is used to drive the counter ena¬ 
ble input of an Am25LS169 up/down counter. 


Sof S-j 


Map This output is used to control the three-state 
Enable outputs of the mapping PROM or PLA used 
to provide the initial starting address for each 
machine instruction. 


This output Is used to control the three-state 
output of the pipeline register (Am2918) con¬ 
taining the branch address for the computer 
control unit. 

This output is used to drive the file enable 
input of the Am2911. When the file enable 
output is LOW, a stack operation will take 
place. 

Push/Pop. The PUP output is used to drive 
the push/pop input of the Am2911 Micro¬ 
program Sequencer. When the PUP output is 
HIGH, a push will take place when the file Is 
enabled. When the PUP output is LOW, a pop 
will take place when the file is enabled. 

These two outputs are used to drive the Sq 
and S-i inputs to the Am2911 Microprogram 
Sequencer. These outputs control whether the 
direct input, the register, the microprogram 
counter, or the ,stack is selected as the source 
of the next address for the microprogram 
memory. 
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LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 

MPR-317 


GUARANTEED LOADING RULES 
OVER OPERATING RANGE (In Unit Loads) 


A Low-Power Schottky TTL Unit Load is defined as 20/iA measured at 
2.7V HIGH and -0.36mA measured at 0.4V LOW. 


Pin No/s 

Input/Output 

Input 

Load 

Output 

HIGH 

Output 

LOW 

MIL COM'L 

1 MAP E 

~ 

100 

44 

44 

2 

PUP 

- 

100 

44 

44 

3 

FE 

- 

100 

44 

44 

4 

Si 

- 

100 

44 

44 

5 

So 

- 

100 

44 

44 

6 

CNT LOAD 

- 

100 

44 

44 

7 

cWI 

- 

100 

44 

44 

8 

GND 

- 

- 

- 

- 

9 

plT 

- 

100 

44 

44 

10 

TEST 

0.5 

- 

- 

- 

11 

'0 

0.5 

- 

- 

- 

12 h I 

0.5 

- 

. - 

- 

13 

'2 

0.5 

- 

- 

- 

14 

'3 

0.5 

- 

- 

-- 

15 

OE 

- 

100 

44 

44 

16 

Vcc 

- 

- 

- 

- 


INSTRUCTION TABLE 


MNEMONIC 

I 3 l2 h lo 

INSTRUCTION 

JZ 

L L L L 

Jump to Address Zero 

CJS 

L L L H 

Conditional Jump-to-Subroutine with Jump Address 

In Pipeline Register. 

JMAP 

L L H L 

Jump to Address at Mapping PROM Output. 

CJP 

L L H H 

Conditional Jump to Address in Pipeline Register 

PUSH 

L H L L 

Push Stack and Conditionally Load Counter 

JSRP 

L H L H 

Jump-to-Subroutine with Starting Address Conditionally 
Selected from Am2911 R-Register or Pipeline Register. 

CJV 

L H H L 

Conditional Jump to Vector Address. 

JRP 

L H H H 

Jump to Address Conditionally Selected from Am2911 
R-Register or Pipeline Register. 

RFCT 

H L L L 

Repeat Loop if Counter is not Equal to Zero. 

RPCT 

H L L H 

Repeat Pipeline Address if Counter is not Equal to Zero. 

CRTN 

H L H L 

Conditional Return-from-Subroutine. 

CJPP 

H L H H 

Conditional Jump to Pipeline Address and Pop Stack. 

LDCT 

H H L L 

Load Counter and Continue. 

LOOP 

H H L H 

Test End of Loop. 

CONT 

H H H L 

Continue to Next Address. 

JP 

H H H H 

Jump to Pipeline Register Address. 
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Am29811A FUNCTION TABLE 



INPUTS 

OUTPUTS' 1 

MNEMONIC 

INSTRUCTION 

13 12 *1 >0 

FUNCTION 

TEST 

INPUT 

NEXT ADDR 
SOURCE 

FILE 

COUNTER 

MAP-E 

PL-E 

JZ 

L 

L 

L 

L 

JUMP ZERO 

X 

D 

HOLD 

LL* 

H 

L 

CJS 

L 

L 

L 

H 

COND JSB PL 

L 

PC 

HOLD 

HOLD 

H 

L 







H 

D 

PUSH 

HOLD 

H 

L 

JMAP 

L 

L 

H 

L 

JUMP MAP 

X 

D 

HOLD 

HOLD 

L 

H 

CJP 

L 

L 

H 

H 

CONDJUMP PL 

L 

PC 

HOLD 

HOLD 

H 

L 







H 

D 

HOLD 

HOLD 

H 

L 

PUSH 

L 

H 

L 

L 

PUSH/COND LD CNTR 

L 

PC 

PUSH 

HOLD 

H 

L 







H 

PC 

PUSH 

LOAD 

H 

L 

JSRP 

L 

H 

L 

H 

COND JSB R/PL 

L 

R 

PUSH 

HOLD 

H 

L 







H 

D 

PUSH 

HOLD 

H 

L 

CJV 

L 

H 

H 

L 

COND JUMP VECTOR 

L 

PC 

HOLD 

HOLD 

H 

H 







H 

D 

HOLD 

HOLD 

H 

H 

JRP 

L 

H 

H 

H 

COND JUMP R/PL 

L 

R 

HOLD 

HOLD 

H 

L 







H 

D 

HOLD 

HOLD 

H 

L 

RFCT 

H 

L 

L 

L 

REPEAT LOOP, CNTR 0 

L 

F 

HOLD 

DEC 

H 

. L 







H 

PC 

POP 

HOLD 

H 

L 

RPCT 

H 

nr 

nr 

H 

REPEAT PL, CNTR =)t 0 

L 

D 

HOLD 

DEC 

H 

L 







H 

PC 

HOLD 

HOLD 


L 

CRTN 

H 

T" 

nr 

L 

COND RTN 

L 

PC 

HOLD 

HOLD 

H 

L 







H 

F 

POP 

HOLD 

H 

L 

CJPP 

H 

T" 

nr 

H 

COND JUMP PL & POP 

L 

PC 

HOLD 

HOLD 

H 

L 







H 

D 

POP 

HOLD 

H 

L 

LDCT 

H 

nr 

nr 

L 

LOAD CNTR & CONTINUE 

X 

PC 

HOLD 

LOAD 

H 

L 

LOOP 

H 

H 

L 

H 

TEST END LOOP 

L 

F 

HOLD 

HOLD 

H 

L 







H 

PC 

POP 

HOLD 

H 

L 

CONT 

H 

nr 

nr 

L 

CONTINUE 

X 

PC 

HOLD 

HOLD 

H 

L 

JP 

H 

H 

nr 

H 

JUMP PL 

X 

D 

HOLD 

HOLD 

H 

L 


L = LOW DEC = Decrement 

H = HIGH *LL = Special Case 

X= Don't Care 


Am29811A TRUTH TABLE 


MNEMONIC 

FUNCTION 

INPUTS 

OUTPUTS 1 

•3 

l2 

>1 

lo 

TEST 

NEXT 

ADDR 

SOURCE 

Si So 

FILE 

a. 

lUi D 

111 . a. 

COUNTER 

\< 

P |Z 

U lui 

MAPE 

PLE 


PIN NO. 

14 

13 

12 

11 

10 

4 

5 

3 

2 

6 

7 

1 

9 

JZ 

JUMP ZERO 

L 

L 

L 

L 

L 

H 

H 

H 

H 

L 

L 

H 

L 



L 

L 

L 

L 

H 

H 

H 

H 

H 

■L 

L 

H 

L 

CJS 

COND JSB PL 

rL 

L 

L 

H 

L 

L 

L 

H 

H 

H 

H 

H 

L 



L 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

JMAP 

JUMP MAP 

L 

L 

H 

L 

L 

H 

H 

H 

H 

H 

H 

L 

H 



L 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

H 

CJP 

CONDJUMP PL 

L 

L 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

L 



L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

PUSH 

PUSH/COND LD CNTR 

L 

H 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

L 



L 

H 

L 

L 

H 

L 

L 

L 

H 

L 

H 

H 

L 

JSRP 

COND JSB R/PL 

L 

H 

L 

H 

L 

L 

H 

L 

H 

H 

H 

H 

L 



L 

H 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

CJV 

COND JUMP VECTOR 

L 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 



L 

H 

H 

L- 

H 

H 

H 

H 

H 

H 

H 

H 

H 

JRP . 

COND JUMP R/PL 

L 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

L 



L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

RFCT 

REPEAT LOOP, CTR # 0 

H 

L 

L 

L 

L 

H 

L 

H 

L 

H 

L 

H 

L 



H 

L 

L 

L 

H 

L 

L 

L 

L 

H 

H 

H 

L 

RPCT 

REPEAT PL, CTR #0 

H 

L 

L 

H 

L 

H 

H 

H 

H 

H 

L 

H 

L 



H 

L 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

L 

CRTN 

COND RTN 

H 

L 

H 

L 

L 

L 

L 

H 

L 

H 

H 

H 

L 



H 

L 

H 

L 

H 

H 

L 

L 

L 

H 

H 

H 

L 

CJPP 

COND JUMP PL & POP 

H 

L 

H 

H 

L 

L 

L 

H 

L 

H 


H 

L 



H 

L 

H 

H 

H 

H 

H 

L 

L 

H 

H 

H 

L 

LDCT 

LD CNTR & CONTINUE 

H 

H 

L 

L 

L 

L 

L 

H 

H 

L 

H 

H 

L 



H 

H 

L 

L 

H 

L 

L 

H 

H 

L 

H 

H 

L 

LOOP 

TEST END LOOP 

H 

H 

L 

H 

L 

H 

L 

H 

L 

H 

H 

H 

L 



H 

H 

L 

H 

H 

L 

L 

L 

L 

H 

H 

H 

L 

CONT 

CONTINUE 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

H 

L 



H 

H 

H 

L 

H 

L 

L 

H 

H 

H 

H 

H 

L 

JP 

JUMP PL 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 



H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 


L = LOW 
H = HIGH 
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ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Order 

Number 

Package Type 
(Note 1) 

Operating Range 
(Note 2) 

Screening Level 
(Note 3) 

AM29811APC 

P-16 

C 

C-1 

AM29811ADC 

D-16 

C 

C-1 

AM29811ADC-B 

D-16 

C 

B-1 

AM29811ADM 

D-16 

M 

C-3 

AM29811ADM-B 

D-16 

M 

B-3 

AM29811AFM 

F-16 

M 

C-3 

AM29811AFM-B 

F-16 

M 

B-3 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C = 0°C to +70°C, Vcc = 4.75V to 5.25V. M = - 55°C to +125°C, Vqc = 4.50V to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 


APPLICATION 



A Typical Computer Control Unit Using the Am2911 and Am29811A. 

MPR-318 
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Am29100 High-Performance 
Controller Products 


A BETTER WAY IS HERE 

A new family of products from Advanced Micro Devices makes 
high-performance controller design a snap. 

MICROPROGRAMMING; BEST FOR COMPUTERS, 

BEST FOR CONTROLLERS 

Microprogramming, long the preferred approach for computer 
design, offers lots of advantages in controllers as well. The ease 
with which the functions of a microprogrammed controller can be 
enhanced and modified made the original 2900 Family popular 
for many disk, printer and communications controllers. The 
high-speed operation of these microprogrammed systems 
makes it possible to handle higher data rates from newer 
peripheral devices and to build intelligence into the controller. 

But the original 2900 products are architecturally oriented to¬ 
ward computers, with design features optimized for arithmetic 
functions and short sequences of microinstructions. MOS pro¬ 
cessors are good choices for many low-speed applications, but 
when the demand for speed and intelligence goes up, they can¬ 
not keep pace. Controllers need sometliing better: the 29100 
Family. 

The 29100 Farnily products have been designed from the 
ground up with peripheral Control applications in mind. They are 
fast, they are optimized for bit-manipulation, character handling, 
data communication and long, sophisticated microprograms and 
they are designed to work together in a system. 

FAST LIKE YOU’VE NEVER HAD 

The central element of our new high-speed controller family is 
the Am29116 - a 16-bit bipolar microprocessor. It’s not a slice - 
it’s a complete 16-bit processor, with three-input ALU, 32 
scratchpad registers, an accumulator, data latch, barrel shifter. 


priority encoder and status register with conditional code gener¬ 
ation logic. But the Am29116 is far more than a very fast number 
cruncher - it’s been optimized for controller-oriented applica¬ 
tions. It’s instruction set has instructions often needed in con¬ 
trollers that are not available in any other processor. 

A WHOLE FAMILY OF FAST LSI CONTROLLER PARTS 

There’s more to our controller family than just the Am29116. A 
new sequencer, the Am29112, has been expressly designed for 
10 MHz microprogram control, with features like real-time inter¬ 
rupt servicing and deep subroutining. Rapid internal data trans¬ 
fer is handled by the Am2940 DMA Address Generator and by 
the Am2950 handshaking I/O port. The Am9520 Burst Error 
Processor will provide a solution for error correction on disk 
reads. Now, more than ever, the 2900 Family is the better solu¬ 
tion for high data rate and highly intelligent control problems. 

TYPICAL CONFIGURATION USING THE 2900 
CONTROLLER FAMILY 

A typical intelligent controller configuration is shown below. The 
basic controller consists of the Am29116, a microprogram con¬ 
trol unit and a high-speed buffer memory. Each microinstruction 
includes: a) a 16-bit instruction field to the Am29116, 
b) next-microinstruction selection bits, c) control for the buffer 
memory, d and e) control for the interface circuits and f) possi¬ 
bly an 8 or 16-bit data field. 

Interface circuits like the Am2940 and Am2950 are used to pro¬ 
vide DMA and to pass data between the controller and the host 
computer. Other circuits are used to interface to the peripheral. 
In this example, a disk interface is shown with a serial-parallel 
converter, a FIFO and a burst error processor. Controllers for 
other peripherals use identical hardware except for the 
peripheral interface itself. 


HIGH-PERFORMANCE INTELLIGENT CONTROLLER 



TO DISK/PERIPHERAL 
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Am29112 

A High-Performance 8-Bit Slice Microprogram Sequencer 


DISTINCTIVE CHARACTERISTICS 

• Fast - 

The Am29112 is designed to operate in IOMH 2 
microprogrammed systems. 

• Expandable ~ 

A single Am29112 is 8 bits wide and addresses 256 
words of microprogram memory. Two Am29112’s may 
be cascaded to directly address up to 64K of 
microprogram memory. 

• Deep stack - 

A 33 deep on-chip stack is used for subroutine linkage, 
interrupt handling and loop control. 

• Interruptible at the microprogram level - 

Two kinds of interrupts: maskable and unmaskable. 

• Powerful loop control- 

Features an 8-bit counter for loop control. When two 
Am29112s are cascaded, the counters can act as a 
single 16-bit counter or two independent 8-bit counters. 

• Powerful addressing modes - 

Features direct, multiway, multiway relative and 
program counter relative addressing. 

• Support for writable control store 

• Hold feature - 

A hold pin facilitates multiple sequencer 
implementations. 

• 48-pin Hermetic DIP 


FUNCTIONAL DESCRIPTION 

The Am29112 is a high performance interruptible micro¬ 
program controller intended for use in very high speed mi¬ 
croprogrammed machines and optimized for the new 
state-of-the-art ALU’s and other processing components. 

It has an Instruction set featuring relative and multiway 
branching, a rich variety of looping constructs, and provi¬ 
sion for loading and unloading the on-chip stack. 

Interrupts are accepted at the microcycle level and ser¬ 
viced In a manner completely transparent to the inter¬ 
rupted microcode. 


Figure 1 . Am29112 in a Single Pipelined System 



PIPELINE REGISTER 



RELATED PRODUCTS APPLiCATiON NOTES REFERENCE 

Part No. Description - Microprogrammed CPU using Am29116 

A 16-Blt Bipolar Microprocessor - ^ inte«igent fast disk controller 

Am2904 Status and Shift Control Unit - Am29116 architecture speeds pixel manipulation in 

Am2910A Microprogram Controller Interactive bit mapped graphics 

Am2914 Vectored Priority Interrupt Controller 

Am2925 System Clock Generator and Driver 

Am2940 DMA Address Generator 

Am2942 Programmable Timer/Counter/DMA 

Am2950/51/52/53 8-Bit Bidirectional I/O Port 
Am29118 8-Bit Bidirectional I/O Port/Accumulator 























Am29112 


Figure 1. Control Path in a Single Pipelined System Using the Am29112 



PIN FUNCTIONS 


I 

Q 

Bidirectional data input for direct input to address 
multiplexer, counter and other control registers and 
stack output. 

Bidirectional microprogram address bus outputs 
microprogram address and inputs interrupt vector. 

UINTR 

Unmaskable interrupt request input. 

Y 0 -Y 7 

MINTR 

INTD 

Maskable interrupt request input. 

Disable for maskable interrupts. 

MINTA 

LSS 

Maskable interrupt acknowledge. 

Programs the least significant chip when high. 

M 0 -M 3 

Multiway input pins for up to 16 way branches. 


most significant chip when low. 

HOLD 

When this signal is high, the Y bus is three-stated 
and the carry in to the program counter incre- 
menter is forced low. Also, the CMUX output is 
selected at the incrementer input. 

RST 

Reset input. Selects zero as the next microprogram 
address, resets the stack pointer and interrupt 
logic, and disables maskable interrupts. 

CC 

Test input for the sequencer. (See Table 2.) 

CP 

ACIO 

Clock input. 

Bidirectional adder I/O line for cascaded 

CCEN 

Test enable for the sequencer. (See Table 2.) 

Am29112s. 

POL 

Polarity input for test. (See Table 2.) 

PCIO 

Bidirectional program counter I/O line for cascaded 

Iq-U 

Instruction input. 


Am29112s. 

• 5 ->6 

Mode control input. Select one of three 
modes; normal, extended or forced continue. (See 

CIO 

Bidirectional counter I/O line for cascaded 
Am29112s. 


Tablet.) 

CZIO 

Bidirectional counter zero I/O line for cascaded 

STKERR 

Indicates stack overflow or underflow. 


Am29112s. 
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Figure 2. Am29112 48-Pin Package 



SYSTEM OVERVIEW 

The Am29112 is designed for use in single-level pipelined 
systems. A typical configuration is shown in Figure 1. 

Branch addresses, constants for the various registers, and 
stack pointer values are supplied to the Am29112 through the 
D port which is bidirectional to allow the stack to be unload¬ 
ed onto an external LIFO. The next address generated by 
the sequencer is output on the Y port and directly drives the 
microprogram memory. A single register at the output of the 
microprogram memory contains the microinstruction being 
executed, while the next is being fetched. External conditions 
are applied to the CC input of the Am29112 via the condition 
code MUX and also to the multiway inputs. 

A vectored priority interru pt controller generates a prioritized 
interrupt request (MINTR) t o the A m29112, which acknow¬ 
ledges the request via the MINTA pin. Upon receiving the 
acknowledge, the priority interrupt control puts out the encoded 
priority of the interrupt, which is trans lated to a vector by the 
vector mapping PROM. The MINTA output of the Am29112 
turns on the PROM output and simultaneously turns off the Y 
port, enabling the interrupt vector onto the microprogram ad¬ 


dress bus. In the Am29112, internal states are automatically 
saved on the stack while the interrupt vector is transmitted 
through the Y port and incremented to form the next micropro¬ 
gram address. 

The emergency detect circuit generates an unmaskable inter¬ 
rupt request upon power failure or stack error. On receiving an 
unmaskable interrupt, the sequencer branches to the unmask¬ 
able interrupt routine; the address of this routine is stored on 
the Am29112 in the INTVECT register. Detailed interrupt hand¬ 
ling is discussed in a later section. 

ARCHITECTURE OF THE Am29112 

The internal organization of the Am29112 is shown in 
Figure 2. The most important control loop Inside the sequencer 
consists of the CMUX, incrementer, and PC register. The 
CMUX selects the next microprogram address based on the 
instruction and condition code inputs. The next microprogram 
address is selected from the PC register for a continue, the D 
port for a branch, the adder for relative and multiway branches, 
the Interrupt register for unmaskable interrupts, the stack for 
subroutine returns or loop repeats, or ail zeros for the JUMP 
ZERO instruction. 
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The Am29112 has many registers other than the PC register 
and the interrupt register. There is an 8-bit counter used for 
loop control; the DWIDTH register is a 4-bit register which 
programs the number of least significant bits of the D port that 
are added to the PC in relative addressing modes; the stack 
pointer is a 5-bit counter/register that points to the top of stack 
element; the 4-bit command register is used to program the 
chip on power-up for compatibility with the external hardware 
configuration; finally, there is the INTRTN register which is 
used for saving the CMUX output on the stack when an inter¬ 
rupt occurs. 

With the exception of the INTRTN register and the stack 
pointer, each of the above registers can be loaded directly from 
the D port of the Am29112. 


The Am29112 features a high speed adder with full carry 
lookahead across 8-bits. The adder is used for PC relative 
addressing (branch address is PC -t- D), multiway relative ad¬ 
dressing (branch address is D -i- M, where M is the 4-bit mul¬ 
tiway input), and for testing the stack pointer against the D bus. 
In cascaded configurations, carry ripples from the LSS adder to 
the MSS adder over the CIO line. 

The on-chip stack is 33 deep, and the Am29112 has instruc¬ 
tions to save the D inputs, counter, multiway register, and PC- 
reglster on the stack. The stack output bus is connected via 
three-state buffers to the D port. It is possible to pop the stack 
to the D port. 


INSTRUCTION SET OF THE Am29112 

MODE BITS (le, 5 ) 

The Am29112 is controlled by 5 instruction inputs, two mode 
inputs, and the condition code. In typical applications it is ex¬ 
pected that the instruction inputs are driven directly from the 
pipeline, whereas the mode inputs are either permanently 
wired high or low to select the desired operating mode, or dri¬ 
ven indirectly via external logic. (In some applications It might 
be justifiable to drive the mode bits directly from the pipeline). 
The two mode bits select among three operating modes: nor¬ 
mal (00), extended (01) and forced continue (10 and 11). In the 
normal mode, the entire instruction set of the Am29112 applies. 


TABLE 1. MODE CONTROLS 


•65 

Mode 

Description 

00 

Normal 

For cascaded Am29112s, two independent 

8-bit counters 

01 

Extended 

For cascaded Am29112s, one 16-bit counter 

10 

Forced 

Continue 

The Am29112 executes a continue instruction 
regardless of instruction, condition code, 
and multiway inputs. 

11 


• Branching and subroutine linkage 

• Looping 

• Stack and register 

• Interrupt 

The sequencer has an instruction repertoire of altogether 40 
different instructions. In order to encode these instructions with 
only 5 instruction lines, the condition code is used in some 
cases to differentiate between two distinct instructions sharing 
the same opcode. This way of encoding is used for the stack 
and register, and interrupt groups of instructions. For these in¬ 
structions, therefore, the condition code multiplexer is not used 
to select an external condition. However It is required to force 
the condition code to unconditional Pass or Fail. The condition 
code enable and polarity logic has been designed with this in 
mind. Using the enable and polarity, it is possible to generate 
both unconditional Pass and unconditional Fail (regardless of 
the condition code input). Hence the condition code is for these 
instructions is like a sixth instruction line, and the condition 
code multiplexer field of the pipeline can be shared for these 
instructions (see Figure 4 and Table 2). 


Figure 4. Condition Code Circuit 


EXTENDED MODE 

The instruction set includes instructions that differentiate be¬ 
tween upper and lower counters (when there are two cascaded 
Am29112s). In the normal mode, the two counters on cascaded 
Am29112s function independently, and it is possible to set up a 
doubly nested loop without having to save and restore counter 
values on the stack. In the extended mode, however, the 
counters on cascaded Am29112s behave like one 16-bit 
counter and instructions that differentiate between the counters 
degenerate into identical instructions. Hence in a system with 
only one Am29112 there is no use for the extended mode. 

FORCED CONTINUE MODE \ 

in the forced continue mode the Am29112 executes a continue 
in every cycle regardless of the instruction bits, condition code, 
and multiway inputs. The simplest application (if mode bits are 
driven directly from the pipeline) is to use forced continue for 
straight-line segments of code thereby permitting most of the 
sequencer control fields of the pipeline to be shared. The 
forced continue also has an important application in systems 
with a writeable control store where it is necessary to step 
through the addresses sequentially while loading the WCS. 

The instructions of the Am29112 are classified into four groups: 


CCEN 

cC 

POL 



€>— 


TABLE 2. CONDITION CODE TABLE 


CCEN 

cc 

POL 

Condition 

0 

0 

0 

PASS 

0 

1 

0 

FAIL 

0 

0 

1 

FAIL 

0 

1 

1 

PASS 

1 

0 

0 

PASS 

1 

1 

0 

PASS 

1 

0 

1 

FAIL 

1 

1 

1 

FAIL 
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Am29112 Instruction Set 


Opcode (I 40 ) 

Condition 

Mnemonic 

Description 

0 

X 

JZ.U 

UNCONDITIONAL JUMP ZERO 

1 

PASS 

PUSHD.P 

PUSH D (PASS) 

1 

FAIL 

LDCMD.F 

LOAD COMMAND REGISTER FROM D (FAIL) 

2 

GOND 

POP,C 

POP; CONDITIONAL STACKOUT TO D 

3 

COND 

CJD.C 

CONDITIONAL JUMP D 

4 

COND 

CJSD.C 

CONDITIONAL JUMP SUBROUTINE D 

5 

COND 

CJMW.C 

CONDITIONAL JUMP MULTIWAY D 

6 

COND 

CJSMW.C 

CONDITIONAL JUMP SUBROUTINE MULTIWAY D 

7 

COND 

CRTN.C 

CONDITIONAL RETURN 

8 

COND 

PUSHPL.C 

PUSH PC; COND LOAD LOWER COUNTER 

9 

COND 

LDLG.C 

LOAD LOWER COUNTER; COND PUSH COUNTER 

10 

PASS 

POPLC.P 

POP TO LOWER COUNTER (PASS) 

11 

PASS 

RSTSP.P 

RESET STACK POINTER (PASS) 

11 

FAIL 

LDINTV.F 

LOAD UNMASKABLE INTERRUPT VECTOR (FAIL) 

12* 

PASS 

RFCTU.P 

REPEAT LOOP, UPPER COUNTER = 0 (PASS) 

12* 

FAIL 

RFCTL.F 

REPEAT LOOP, LOWER COUNTER = 0 (FAIL) 

13** 

PASS 

RPCTU.P 

REPEAT PIPELINE, UPPER COUNTER = 0 (PASS) 

13** 

FAIL 

RPCTL.F 

REPEAT PIPELINE, LOWER COUNTER = 0 (FAIL) 

14 

COND 

LOOP.C 

TEST END LOOP 

15 

PASS 

ENINT.P 

ENABLE INTERRUPTS (PASS) 

15 

FAIL 

DISINT.F 

DISABLE INTERRUPTS (FAIL) 

16*** 

COND 

TWBL.C 

THREE-WAY BRANCH, LOWER COUNTER 

17*** 

COND 

TWBU.C 

THREE-WAY BRANCH, UPPER COUNTER 

18 

PASS 

TSTSP.P 

TEST SP WITH D (PASS) 

18 

FAIL 

TSTMT.F 

JUMP P IF STACK NOT EMPTY 

19 

COND 

CJDF.C 

COND JUMP D/STACK AND POP 

20 

COND 

CJSDF.C 

COND JUMP SUBROUTINE D/STACK AND POP 

21 

COND 

CJMWR.C 

COND JUMP MULTIWAY RELATIVE D 

22 

COND 

GJSMWR.C 

COND JUMP SUBROUTINE MULTIWAY RELATIVE D 

23 

COND 

CJPP.C 

COND JUMP PIPELINE AND POP 

24 

COND 

PUSHPU.C 

PUSH PC; COND LOAD UPPER COUNTER 

25 

COND 

LDUC.C 

LOAD UPPER COUNTER; COND PUSH COUNTER 

26 

PASS 

POPUC.P 

POP TO UPPER COUNTER (PASS) 

26 

FAIL 

POPDW.F 

POP TO DISPLACEMENT WIDTH (FAIL) 

27 

COND 

LDDW.C . 

LOAD DISPLACEMENT WIDTH; COND PUSH DW 

28 

COND 

CJR.C 

COND JUMP D PC REL 

29 

COND 

CJRN.C 

COND JUMP D PC REL NEGATIVE 

30 

COND 

CJSR.C 

COND JUMP SUBROUTINE D PC REL 

31 

COND 

CJSRN.C 

COND JUMP SUBROUTINE D PC REL NEGATIVE 


*These instructions are identical in the extended mode. 
**These too. 

***These too. 


Extensions: U - unconditional; C - conditional; P - PASS condition; F - FAIL condition. 
Note: PASS/FAIL condition can be produced as follows. P stands for polarity and I for input. 


cc 

CCEN 

POL 

Condition 

X 

1 

0 

PASS 

X 

1 

1 

FAIL 

1 

0 

P 

COND 


6-6 





Am29112 


0 Jump Zero (JZ.U) 


1 Push D (PUSHD.P) 


1 Load Command Latch 
from D (LDCMD.F) 


COMMAND LATCH 


2 Pop and Unconditional Stackout 
to D (POP.C) 


3 Jump D (CJD. C) 


4 Jump Subroutine D (CJSD.C) 



5 Jump Multiway D (CJMW.C) 



6 Jump Subroutine Multiway 
D (CJSMW.C) 


B6 M = 2 PASS 


7 Return (CRTN.C) 




8 Push PC and Conditional Load 
Lower Counter (PUSHPL.C) 


9 Load Lower Counter and 
Conditional Push Counter (LDLC. C) 


10 Pop to Lower Counter 
(POPLC.P) 


STACK 

(UNCONDITIONAL) 


LOWER COUNTER 


LOWER COUNTER 
39 (UNCONDITIONAL) 


LOWER COUNTER 


CONDITIONAL 


CONDITIONAL 


FORCED PASS 





Am2d112 


11 Reset Stack Pointer (RSTSP.P) 



12 Repeat Loop, Lower Counter 
(RFCTL.F) 



14 Test End Loop (LOOP.C) 


11 Load Unmaskable Interrupt 
Vector (LDtNTV.F) 



FORCED FAIL 


13 Repeat Pipeline, Upper 
Counter (RPCTL.P) 



15 Enabie Interrupts (ENINT.P) 


12 Repeat Loop, Upper Counter 
(RFCTU.P) 



FORCED PASS 


13 Repeat Pipeline, Lower 
Counter (RPCTL.F) 



15 Disable Interrupts (DISINT.F) 


STACK 


3(J)- 



ENABLE 

MASKABLE 

INTERRUPTS 


DISABLE 

MASKABLE 

INTERRUPTS 



CONDITIONAL 


FORCED PASS 


FORCED FAIL 


16 Three-Way Branch, Lower 
Counter (TWBL.C) 



17 Three-Way Branch, Upper 
Counter (TWBU.C) 



18 Test SP with D (TSTSP.P) 
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18 Jump D if Stack Not Empty 
(TSTMT.F) 



EMPTY NOT EMPTY 


19 Conditional Jump D/Stack 
and Pop (CJDF.C) 



20 Conditional Jump Subroutine 
D/Stack and Pop (CJSDF.C) 



FORCED FAIL 


CONDITIONAL 


21 Conditional Jump Multiway 
Relative D (CJMWR.C) 


22 Conditional Jump Subroutine 
Multiway Relative D (CJSMWR.C) 


23 




24 Push PC and Conditional Load 
Upper Counter (PUSHPU.C) 


25 Load Upper Counter and 
Conditional Push Counter 
(LDUC.C) 


26 


CONDITIONAL 


Conditional Jump Pipeline 
and Pop (CJPP) 



Pop to Upper Counter (POPUC.P) 



26 Pop to Displacement Width 
(POPDW.F) 


27 




FORCED PASS 


Load Displacement Width and 28 Conditional Jump D PC Relative 

Conditional Push DW (LDDW.C) (CJR.C) 



FORCED FAIL 


CONDITIONAL 


D** is displacement (see 1). 

CONDITIONAL 
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29 Conditional Jump D PC Relative 

30 Conditional Jump Subroutine 

31 Conditional Jump Subroutine 

Negative (CJRN.C) 

D PC Relative (CJSR.C) 

D PC Relative Negative (CJSRN.C) 

49 f 

4A i 



49 I 


I D** = -2 

4bC 


^ STACK 

4A 1 

, , STACK 

4A 1"" 1 

PASS 


D** = 2 

PASS 

4B®— ' 

t JUMP ADDRESS IS 

4D 4 (PC) + D** 

4C < 

4D < 

4E < 

FAIL 

PASS 

JUMP ADDRESS IS 
(PC) + D** 

4bQ 

4C < 

4D ( 

' JUMP ADDRESS IS 

> (PC) + D** 


1 FAIL 





FAIL 

D** = -2, should be two’s complement (see 2). 

D**i 

is displacement (see 1). 

D** = -2, should be two’s complement (see 2). 

CONDITIONAL 


CONDITIONAL 


CONDITIONAL 


Notes; 1. The number of bits of D used as displacement is stored in DWIDTH register. The reinaining high order bits are zero-extended. 
2. The number of bits of D used as displacement is stored in DWIDTH register. The remaining high order bits are one-extended. 


BRANCHING INSTRUCTIONS 
Direct Branching 

Instruction 0 is the unconditional jump to zero instruction. This 
instruction also resets the stack pointer and the interrupt logic. 

Direct branching is implemented by instruction 3 (COND JUMP 
D) and 4 (GOND JSB D). The branch address is input through 
the D port, if the condition is PASS, the branch is taken, other¬ 
wise the sequencer executes a continue. Two-way direct 
branching is implemented by instruction 19 (COND JMP D/ 
STACK) and instruction 20 (COND JSB D/STACK). If the con¬ 
dition is Pass, the branch address is taken from the D Input 
port, otherwise, the branch address is taken from the stack. In 
either case the stack is popped. This instruction assumes that 
the alternative address was pushed on the stack by a previous 
instruction. Jump to subroutine differs from JUMP in that the 
PC register is pushed on the stack if the condition Is PASS for 
a jump subroi ine. This enables the subroutine to use COND 
RETURN {7] 1 return to the point of call. Note that the two- 
way jump to subroutine (20) causes a simultaneous pop and 
push so that the stack pointer is unaffected but the top of stack 
element is replaced by the return address. 

Relative Branching 

In the relative branch instructions, a dynamically alterable sub¬ 
field of the D inputs is added to the PC to form the branch 
address. The remaining most significant bits of the D inputs are 
ignored and internally converted to all O’s for forward branches 
and all 1’s for backward branches. The displacement width 
(DWIDTH) register in the Am29112 holds the number of least 
significant bits of D that participate in the relative branch as the 
displacement, and can be loaded from the D port. In cascaded 
systems, the displacement width has to be loaded consistently 
in the two chips. For example, for a displacement width of 9, 
the lower order chip gets a displacement width of 8 and the 
higher order chip gets a displacement width of 1. As another 
example, if the lower order chip has a displacement width of 
less than 8 bits, the higher order chip must have a displace¬ 
ment width of zero. If the displacement width register Is loaded 
with any value greater than 8, it is exactly as if it were loaded 
with 8. 

Instruction 28 (29) is the relative jump (jump back) instruction, 
and instruction 30 (31) is the relative jump to subroutine (jump 
back to subroutine). For backward relative branches, the dis¬ 


placement must be coded as a two’s complement negative 
number. When the displacement width is the same as the mi¬ 
croaddress width the forward and backward relative branch in¬ 
structions are identical. When the displacement width is less 
than the microaddress width, the more significant bits of D out¬ 
side the displacement are forced to all zeros for positive 
branches and to all ones for negative branches. This is effec¬ 
tively like sign extension except that the sign information is 
contained in the instruction rather than the displacement, and 
there is no need for sign information to propagate between 
cascaded chips since it is assumed that the displacement width 
registers in the two chips have been consistently loaded. 

The disadvantage of having the sign information in the instruc¬ 
tion rather than the displacement can be overcome by a judi¬ 
cious choice of instruction format. The opcodes for forward and 
backward relative branch instructions have been chosen to 
differ in the least significant bit position only, with a ‘0’ in that bit 
for forward branches and a ‘1’ for backward branches. If the 
sequencer instruction field is contiguous with and on the more 
significant side of the displacement field in the pipeline register, 
then the least significant instruction bit is like the sign bit for the 
displacement for relative branch instructions. This permits the 
assembler to use the same opcode for forward and backward 
relative branch instructions, but overlap the displacement field 
(now declared to be one bit longer than the actual displace¬ 
ment field in the pipeline) with the sequencer instruction field by 
one bit. If the assembler now generates a negative displace¬ 
ment, the sequencer opcode formed is the backward branch; 
while if the displacement is positive, the sequencer opcode 
formed is forward branch. 

When the instruction is executed, the PC already has been in¬ 
cremented and points to the next sequential instruction, hence 
a forward branch with a displacement of 0 causes the next se¬ 
quential instruction to be executed. 

Multiway Branching 

Two variants of multiway branching are available on the 
Am29112 - multiway substitute D and multiway relative D. In 
multiway substitute D the 4 multiway inputs directly replace the 
4 least significant bits of the branch address input at D. Instruc¬ 
tion 5 is a conditional multiway branch and instruction 6 a con¬ 
ditional multiway subroutine call. In these instructions, the least 
significant 4 bits of the D input port are not used by the 
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sequencer, and may be shared, for instance to Select among 
different sets of multiway inputs. 

Multiway branching has the disadvantage that the jump table 
must be aligned on a 16 word boundary. This disadvantage is 
overcome in the Am29112 multiway relative branching instruc¬ 
tions. In these instructions, the number input on the multiway 
pins is added to the branch address input at D. Instruction 21 is 
a conditional multiway relative branch and instruction 22 a con¬ 
ditional multiway relative subroutine call. 

One of the advantages of multiway branching is that it enables 
a 16 way decision to be made in exactly one microcycle. How¬ 
ever, the 16 target addresses are constrained to be contiguous 
in memory. Hence, if the target routines need more than one 
microword each, as is very likely, they are addressed Indirectly 
through a table of 16 contiguous branch instructions. For very 
high speed applications, the extra microcycle needed to branch 
indirectly off the jump table may not be acceptable. This pen¬ 
alty is avoidable if the multiway bits are offset with respect to 
the D inputs. When two cascaded Am29112’s are used, there 
are two sets of 4-bit multiway inputs. The least significant chip 
has a multiway input with no offset, while the most significant 
chip has a multiway input with an 8-bit offset. The Am29112 
command register has a bit CR(1) that enables or disables 
multiway branching on the chip. In a system with two cascaded 
Am29112s, each chip has a command register bit. Multiway 
branching may be disabled in either chip by resetting the com¬ 
mand register bit on that chip, or enabled by setting the com¬ 
mand register bit. When multiway branching is disabled on a 
chip, for that chip both multiway and multiway relative branches 
are converted to direct branches, and the multiway inputs are a 
don’t care. Multiway branching with an 8-bit offset is im¬ 
plemented by disabling multiway in the least significant slice 
and enabling it in the most significant slice. In this case, the 16 
target addresses are dispersed in memory, separated by 256 
locations each. Another useful configuration is obtained by 
enabling multiway on both chips. In this case, up to 16 sets of 
target addresses are dispersed in memory, separated by 256 
locations each. 

The Am29112 does not have an unconditional continue in its 
instruction set. This is not expected to be a drawback because 
the instruction set requires that both unconditional PASS and 
unconditional FAIL are required by the sequencer to select 
among different instructions sharing the same opcode. Hence, 
a continue is obtained by executing instruction 3 (COND JUMP 
D) with a forced FAIL condition. 

LOOPING INSTRUCTIONS 

The looping instructions on the Am29112 are of two kinds: con¬ 
ditional, which depend on an external condition to signal loop 
termination, and iterative, which decrement the Am29112 
counter and check for a count of zero. There is also a three- 
way branch instruction that combines the check for external 
condition with the check for count of zero in a single instruction. 

All the looping instructions are similar in two respects. Firstly, 
the check for the loop condition is done at the end of the loop. 
This implies that the loop body is always executed at least 
once. Secondly, in the case that the loop has to be repeated, a 
backward branch to the loop head is made by using the ad¬ 
dress on top of stack. This frees the D inputs for other use, but 
makes it necessary to push the address of the start of the loop 
on the stack before entering the loop. Also, if the loop is itera¬ 
tive, it is necessary to load a count value in the counter at the 
same time. Instructions 24 (PUSH PC; COND LOAD UPPER 
COUNTER) and 8 (PUSH PC; COND LOAD LOWER 
COUNTER) combine both these requirements. 


Instruction 14 implements a simple conditional repeat loop. If 
the condition is FAIL the sequencer loops back using the top of 
stack address, and if the condition is PASS, the sequencer 
performs a continue to the next sequential address, and 
simultaneously pops the stack to remove the address of the 
loop head. The instruction may be described in Pascal-like 
syntax as: 

repeat PUSH PC 
LOOP BODY 

until condition = TRUE; 

Instruction 23 (COND LOOP EXIT) implements a loop exit that 
may be used with any of the Am29112 loop instructions. It is a 
conditional jump to D, which simultaneously pops the stack. If 
the condition is FAIL, it simply performs a continue. 

As discussed earlier, the counters present in cascaded 
Am29112s may be used independently or cascaded as a single 
16-bit counter under microprogram control. The mode bits 
select the cascaded configuration only in the extended mode. 
There are separate repeat and three-way branch instructions 
for upper and lower counters. In the case of the repeat instruc¬ 
tions, the condition code is used to differentiate between the 
repeat on the upper and the repeat on lower counter (a condi¬ 
tion of PASS selects the upper counter). In the case of the 
three-way branch, which needs the condition code input for the 
external condition, there are two separate opcodes for three- 
way branch on upper (opcode 17) and three-way branch on 
lower (opcode 16). When a single Am29112 is used only the 
repeat on lower counter instructions are useful; and when two 
Am29112s are cascaded but operated in the extended mode, 
the repeat instructions on upper and lower counter are identical 
in effect and both operate on the 16-bit cascaded counter. 

Instruction 12 (REPEAT LOOP IF COUNTER NOT ZERO) is 
the iterative analog of instruction 14 (CONDITIONAL REPEAT 
LOOP). Instruction 8 (PUSH PC; COND LOAD COUNTER) is 
used with condition code as forced PASS and the desired 
count in the D field of pipeline. This causes the address of the 
loop head to be pushed on the stack, and the lower counter 
loaded with the count. At the end of the loop body, the repeat 
Instruction checks if the count is zero. If it is not zero, it 
performs a loop back using the top of stack address; and 
simultaneously decrements the counter; if it is zero, it pops the 
address of the loop head off the stack and simultaneously 
selects the next sequential address thereby exiting the loop. A 
repeat loop on the upper counter can be set up using instruc¬ 
tion 24 instead of 8 to push PC and load upper counter, and 
using instruction 14 to loop back with condition code as forced 
PASS. Note the potential off-by-one error: since the count is 
checked before it is decremented, a count of 1 causes two iter¬ 
ations: the first iteration finds a count of 1 and decrements; on 
the second iteration the count is found to be zero and the loop 
terminates. Hence, the value of count loaded should be one 
less than the desired number of iterations. In the example 
above, loading the counter with 7 resulted in 8 iterations. 

The single instruction repeat (instruction 13) is provided for ap¬ 
plications where the loop body is a single microinstruction, for 
example, an ALU shift. The loop is set up as before using in¬ 
struction 8 or 7 (PUSH PC; COND LOAD COUNTER). The re¬ 
peat Instruction then presents its own address to the D inputs 
of the sequencer. As with the repeat loop instruction, the single 
instruction repeat checks for counter == 0. If the counter is 
equal to zero, it pops the stack and continues to the next se¬ 
quential instruction; otherwise it repeats the address presented 
to the D inputs, which is its own address, and decrements the 
count by one. Instruction 13 can also be used in place of 
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instruction 12 where there is no stack location available to hold 
the address of the loop head. 

Often It is necessary to repeat an action until either some ex¬ 
ternal condition becomes true or a predetermined count is 
reached: for example, searching a character string for an oc- 
curance of some character. The three-way branch instructions 
of the Am29112 combine the test for count and external condi¬ 
tion in one cycle. At any loop Iteration, If the condition becomes 
PASS when the three-way branch Is executed, then the sequ¬ 
encer performs a continue to the next sequential instruction, 
and pops the stack. If the condition Is FAIL when the three-way 
branch is executed, the sequencer tests the count. If the count 
Is zero, then the search is unsuccessful and the sequencer 
performs a branch to the address input at the D port, simul¬ 
taneously popping the stack, if the count is not zero, and the 
condition is FAIL, the sequencer performs a loop back via the 
stack, and decrements the counter by one. 

Since interrupts may occur at any point in the execution of mi¬ 
crocode, it is necessary to be able to save counter values on 
the stack so that the interrupt routines can use the counter 
without interfering with the operation of the interrupted code. 
The sequencer provides instructions that permit arbitrary nest¬ 
ing of loops and subroutine calls. Instruction 9 (LOAD LOWER 
COUNTER; CONDITIONAL PUSH COUNTER) can be used to 
load the lower counter from the D port. If the condition is PASS, 
then the Instruction also causes the old counter value to be 
pushed on the stack. To restore the couriter from the stack, 
instruction 10 (POP TO LOWER COUNTER) can be used with 
a forced FAIL condition. Instructions 25 (LOAD UPPER 
COUNTER; CONDITIONAL PUSH COUNTER) and 26 (COND 
POP TO UPPER COUNTER/POP TO DISPLACEMENT 
WIDTH) are the counterparts for operating on the upper 
counter. Note that in cascaded systems, when the counter Is 
pushed, regardless of whether Instruction 25 or Instruction 10 is 
executed the entire counter is pushed to keep the stack bal¬ 
anced in the two Am29112s. 

STACK AND REGISTER INSTRUCTIONS 

In addition to all the instructions mentioned earlier that explicitly 
or implicitly alter the stack, the Am29112 has some specialized 
instructions for stack manipulation. 

The stack on the Am29112 is 33 deep. Attempting to push 
when the stack is full or to pop when the stack Is empty causes 
the STACK ERROR signal out of the Am29112 to be gener¬ 
ated. The error is latched internally and persists until either the 
chip is reset, or the stack is popped in case of overflow or 
pushed in case of underflow. When the stack overflows, the 
stack pointer does not wrap around, and all subsequent pushes 
on the full slack write over the top-of-stack location. 

The stack on the Am29112 can be loaded through the D port 
using Instruction 1 (COND PUSH D/LOAD COMMAND RE¬ 
GISTER) with condition as forced PASS and unloaded out of 
the D port using Instruction 2 (POP; COND STACKOUT TO D) 
with a forced PASS condition. In the stackout instruction the D 
port becomes an output port. Care must be taken to avoid 
contention on the D bus when this Instruction Is executed. The 
ability to load and unload the stack is useful for implementing 
context switches. For fast unloading of the stack, a tight two- 
instruction loop can be set up using Instruction 12 (POP; 
COND STACKOUT TO D) with a forced FAIL condition and 
instruction 18 (COND TEST SP/BRANCH STACK NOT 
EMPTY) also with a forced FAIL condition. The branch instruc¬ 
tion performs a branch to D if the stack is not empty. 

The stack nesting level in an interruptible sequencer varies 
dynamically. Hence, the Am29112 is provided with instructions 


for checking the available stack space: Instruction 18 (COND 
TEST SP/BRANCH STACK NOT EMPTY). Two distinct in¬ 
structions for testing the stack pointer have been packed into 
the same opcode, and are differentiated by the condition code. 
A condition code of PASS selects the Test Stack Pointer in¬ 
struction. In this instruction, the sequencer tests the stack to 
see if there Is enough space, as determined by a constant input 
at the D port; if there is enough space, the sequencer performs 
a continue, whereas if there is not enough space, the se¬ 
quencer performs a subroutine return. The number of stack lo¬ 
cations required is input at the D port. In a system with only 
one Am29112, the least significant 6 bits of the D are used 
within the chip for this instruction. In a system with two cas¬ 
caded Arn29112s the determination is made independently in 
the two chips (since the stack pointer is at all times identical in 
the two chips). Hence, the same number must be presented to 
the two chips. The adders in the two Am29112s are not 
cascaded for this instruction but function independently. In both 
Am29112s only the 6 LSBs of the D port are actually used in 
the comparison. 

INTERRUPT HANDLING 

The Am29112 recognizes two kinds of interrupts: maskable 
and unmaskable. Maskable interrupts cause automatic saving 
of status on the internal stack and can be inhibited, either ex¬ 
ternally via the INTERRUPT DISABLE pin, or internally via 
instruction 15 (COND ENABLE/DISABLE INTERRUPT). In ad¬ 
dition, maskable interrupts are disabled when there is not 
enough space on the stack to service the interrupt, though 
this internal inhibit can be overidden be clearing a bit in the 
command register. The unmaskable interrupt, on the other 
hand, cannot be disabled and does not cause saving of status 
on the internal stack. It is intended for handling abnormal and 
irrecoverable situations like power failure or stack overflow. 
When an unmaskable interrupt occurs, the sequencer 
branches to the address of the unmaskable interrupt routine 
stored in the INTVECT register. This address is stored on chip 
at system initialize time using instruction 11 (COND RESET 
SP/LOAD INTERRUPT REGISTER) with a condition of FAIL. If 
a maskable interrupt is being processed when the unmaskable 
Interrupt occurs, the unmaskable interrupt may be delayed at 
most one cycle to prevent contention on the Y bus. In any 
case, the unmaskable interrupt request should persist for at 
least one clock edge. 

The Am29112 contains an interrupt disable flip-flop on-chip. 
The flip-flop is set by the DISABLE INTERRUPT instruction 
(opcode 15 with forced FAIL) and reset by the ENABLE 
INTERRUPT Instruction (opcode 15 with forced PASS). The 
flip-flop output performs the same function as the interrupt dis¬ 
able pin. On reset, or on receiving an unmaskable Interrupt, the 
flip-flop Is set thereby disabling maskable Interrupts. Hence, 
at the end of initialization, the ENABLE INTERRUPT instruc¬ 
tion will have to be executed to reset the flip-flop and enable 
maskable interrupts. 

In the case of maskable interrupts, the interrupt return address 
is saved on the stack automatically using the INTRTN register. 
The INTRTN register is loaded with the CMUX output with 
every clock. When an interrupt is acknowledged, the Am29112 
output is turned off and the vector applied externally. However, 
the sequencer executes the Instruction which is in the pipeline 
register in that cycle. The result of executing the interrupted 
instruction, namely the next address, does not come out of the 
Am29112 Y bus because the Y bus is used to input the inter¬ 
rupt vector. It is clocked into the INTRTN register. On the first 
cycle of the interrupt routine, the sequencer pushes the return 
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address on the stack so that the interrupt routine returns by 
doing a COND RETURN, like any other subroutine. 

THE INVISIBLE STACK PUSH THAT THE SEQUENCER 
EXECUTES WHEN IT IS INTERRUPTED OCCURS IN THE 
FIRST CYCLE OF THE INTERRUPT SERVICE ROUTINE. 
HENCE, THE FIRST INSTRUCTION OF THE INTERRUPT 
SERVICE ROUTINE MAY NOT BE ANY INSTRUCTION 
THAT USES THE STACK. 

Before acknowledging an interrupt, the sequencer checks the 
stack to see if there is enough space to handle the interrupt. If 
there is insufficient space on the stack, the acknowiedge is not 
generated. This feature may be disabled by a bit in the com¬ 
mand register. 


CR(0) = 1 INHIBIT ACKNOWLEDGE ON STACK FULL 
(DEFAULT) 

CR(0) = 0 GENERATE ACKNOWLEDGE ON 
STACK FULL 

MASKABLE INTERRUPTS 

The branch vector for maskable interrupts is applied externally 
to the Y port of the Am29112. This section discusses the sys¬ 
tem timing considerations and their impact on interrupt han¬ 
dling in the Am29112. 

Figure 3(a) shows a general system configuration highlighting 
the interrupt portion of the circuitry and the control loop. A 
priority interrupt controller generates an interrupt request for 
the highest priority pending interrupt. This request is applied to 
the MINTR pin of the Am29112. If the request is not masked, 
the Am29112 puts out an acknowledge on the MINTA pin. The 
interrupt controller then puts out the encoded priority of the 
highest priority interrupt to the vector PROM, which maps the 
priority code into a vector. 

The MINTA line turns on the vector PROM output at the same 
time as the Y port on the Am29112 is three-stated. Hence, the 
interrupt vector gets onto the micromemory address bus and is 
also input into the Am29112, and incremented to form the next 
address. The Am29112 saves the return address on the stack 
so that when the interrupt service routine does a subroutine 
return, control returns to the instruction following the interrupted 
instruction. 

The maskable interrupt request is synchronized on the 
Am29112. If there is no disable, therefore, the acknowledge al¬ 
ways is active in the cycle following the request. However, the 
acknowledge to Y bus three-stating delay is programmable; the 
Y bus three-stating signal can occur e ither in the same cycle 
as, or in the cycle following, the MINTA acknowledge, depend¬ 
ing on a bit in the command latch of the Am29112. 

The command register bit that programs the postdelay option is 
bit 2, the third least significant bit. The command register has 3 
bits altogether and is loaded from the 3 LSBs of the D inputs 
using instruction 1 (COND PUSH D/LOAD COMMAND RE¬ 
GISTER) with a condition of PASS. Note that in a system with 
two cascaded Am29112s the command registers in the two 
chips must both be loaded with the same data on system in¬ 
itialization. The postdelay bit in the command register selects 
the postdelay option when it is zero. 

Figure 3(b) shows the configuration without postdelay, includ¬ 
ing a simplified view of the acknowledge circuit. The acknow¬ 
ledge is granted at the same time the Y output of the Am29112 
is three-stated and the vector PROM enabled by the MINTA 
signal out of the Am29112. The critical delay path in this case is 


clock to acknowledge (Am29112) -h acknowledge to priority out 
(interrupt controller) + vector PROM access time + micropro¬ 
gram memory access time + pipeline setup time. Obviously, 
this delay will have a significant impact on overall cycle time. 
However, in slow systems or in systems where the vector is 
always available immediately with acknowledge, this configura¬ 
tion is acceptable. It is also acceptable if the vector mapping 
PROM is made part of the microprogram memory by dedicat¬ 
ing the locations in low memory addressed by the priority to 
hold vectors to the corresponding interrupt routines. 

Figure 3(c) shows a simplified view of the Am29112 configured 
with postdelay acti ve. An external D-type flip-flop adds a one 
cycle delay to the MINTA signal before it switches the output 
enable on the vector register. The interrupt request to acknow¬ 
ledge delay is the same as in the circuit with postdelay inactive, 
but the Y bus three-stating signal occurs one cycle later than 
the acknowledge. The critical path has been broken into two 
with the register at the vector PROM output. In this case the 
critical delay path is cut short by the microprogram memory 
access time. While the vector PROM accesses the interrupt 
vector, the microprogram memory accesses the next sequen¬ 
tial instruction. This implies that one more instruction of the in¬ 
terrupted code executes after the cycle in which the acknow¬ 
ledge is granted. (If that instruction happens to be a DISABLE 
INTERRUPT instruction, then even though no more interrupts 
will be accepted by the Am29112, the interrupt which has been 
acknowledged goes through and the corresponding interrupt 
service routine may enable interrupts again using the ENABLE 
INTERRUPT instruction.) 

The command register bits are summarized below: 

CR(0) : Interrupt acknowledge on stack full 

CR(0) = 1: inhibit acknowledge on stack full 

CR(0) = 0; gerierate acknowledge on stack full 

CR(1) : Multiway enable 

CR(1) = 1; enable multiway branching 

CR(1) = 0: disable multiway branching 

CR(2) : Interrupt postdelay flip-flop 

CR(2) = 1: no postdelay 

CR(2) = 0: postdeiay 

HOLD 

The Am29112 is equipped with a HOLD pin for configurations 
utilizing more than one sequencer driving a common micro¬ 
program address bus. In such situations, it is necessary to 
cause the unselected sequencer to hold its internal state while 
some other sequencer executes, so that it can resume execu¬ 
tion at the point where it was held. The HOLD pin, when as¬ 
serted, three-states the Y bus, forces low the carry into the PC 
incrementer, and selects the internal CMUX output (instead of 
the Y bus) at the incrementer input. To complete the HOLD 
function, it is also necessary to disable interrupts and to put the 
sequencer into the forced continue mode. Under these condi¬ 
tions, the value of the PC is recirculated through the CMUX 
and the incrementer until the HOLD is released; and all the 
remaining state bits in the sequencer are not altered because 
of the forced continue. 
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Figure 3a. Interrupt Control Loop 


Figure 3b. No Postdelay 



Note: The INTO connection directly from microprogram memory. 


Figure 3c. With Postdelay 


CP 



6-14 



















Am29116 

A High-Performance 16-Bit Bipolar Microprocessor 


DISTINCTIVE CHARACTERISTICS 

• Optimized for High-Performance Controllers 

Architecture and instruction set optimized for 
high-performance, intelligent controllers In 
microprogrammed environments. Excellent solution for 
applications requiring speed and bit-manipulation power. 

• Fast 

Supports 100ns microcycle time/1 OMHz data rate for 
all instructions. 

• Flexible 16-Bit Data Path 

The ALU and all on-chip data storage elements are 
interconnected via a common 16-bit data bus. All 
instructions executable on bytes or 16-bit words. 

• 16-Bit Barrel Shifter 

Contains a 16-bit Barrel Shifter which can shift or rotate 
a word up to 15 positions in a single instruction cycle. 

• Immediate Instruction Capability 

Immediate instruction capability for multiplexing data 
and instructions. May be used for storing constants 
in microcode or for configuring a second data port. 

• Powerful Field Insertion/Extraction and Bit 
Manipulation Instructions 

Rotate and Merge, Rotate and Compare and bit 
manipulation instructions provided for complex bit control. 

• 32-Working Registers 

Contains 32 working registers arranged in a single port 
RAM architecture. RAM may be configured to accept 
different source and destination addresses within 
single cycle. 

• Status Register and Condition-Code 
Generator/Multiplexer 

Contains status manipulation capability for condition code 
initiated branching and user definable flag manipulation. 

• CRC Generation 

Has instructions which perform both forward and reverse 
CRC (Cyclic-Redundancy Check), calculations for any 
CRC polynomial of 16 bits or less. (Supports 5MHz 
data rate) 

• 52-Pin Hermetic DIP 


OTHER LITERATURE 

• Am29116 Electrical Characteristics 

• An Intelligent Fast Disk Controller Using the Am29116 
Application Note. 

• A Microprogrammed CPU Using the Am29116 
Application Note 
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FUNCTIONAL DESCRIPTION 

The Am29116 is a microprogrammable 16-bit bipolar micro¬ 
processor whose architecture and instruction set is op¬ 
timized for high performance peripheral controllers, like 
graphics controllers, disk controllers, communications con¬ 
trollers, front-end concentrators and modems. The device 
also performs well in microprogrammed processor applica¬ 
tions, especially when combined with the Am29516 16x16 
multiplier (65ns worst-case 16x16 multiply). In addition to its 
complete arithmetic and logic instruction set, the Am29116 
instruction set contains functions particularly useful in con¬ 
troller applications: bit set, bit reset, bit test, rotate and 
merge, rotate and compare, and cyclic-redundancy-check 
(CRC) generation. 


Am29116 BASED HIGH PERFORMANCE 
PERIPHERAL CONTROLLER 



ADDRESS DATA CONTROL DATA 


TO HOST CPU TO PERIPHERAL 


MPR-835 
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Figure 1. Detailed Am29116 Block Diagram mpr-740 


PIN DEFINITIONS (Pin out provided on back page) 

Yq-Yis Data Input/Output Lines. When 's HIGH, Yq-Y-is ^ire 
used as external data inputs which allow data to be 
directly loaded into the 16-bit data latch. Having ^y 
LOW allows the ALU data to be output on Y 0 -Y 15 . 

DLE Data Latch Enable. When DLE is HIGH, the 16-bit data 
latch is transparent and is latched when DLE is LOW. 

Output Enable. When'^y is HIGH, the_16-bit Y outputs 
are disabled (high-impedance); when OEy is LOW, the 
16-bit Y outputs are enabled (HIGH or LOW). 

Iq-Iis Sixteen Instruction Inputs. Used to select the operations 
to be performed in the Am29116. Also used as data inputs 
while performing immediate instructions. 

lEN Instruction Enable. With lEN LOW, data can be written 
into the RAM when the clock is LOW. The Accumulator 
can accept data during the LOW-HIGH transition of the 
clock. Having lEN LOW, the Status Register can be 
updated when SRE is LOW. With lEN HIGH, the condi¬ 
tional test output, CT , is disabled as a function of the 
instruction inputs. lEN should be LOW for the first half of 
the first cycle of an immediate instruction. 

SRE Status Register Enable. When SRE and lEN are both 
LOW, the Status Register is updated at the end of all 
instructions with the exception o f NO- OP, Save Status, 
and Test Status. Having either SRE or HIGH will 
inhibit the Status Register from changing. 


CP Clock Pulse. The clock input to the Am29116. The RAM 
latch is transparent when the clock is HIGH. When the 
clock goes LOW, the RAM output is latched. Data is 
written into the RAM during the low period of the clock 
provided lEN is LOW and if the instruction being exe¬ 
cuted designates the RAM as the destination of opera¬ 
tion. The Accumulator and Status Register will acce pt 
data on the LOW-HIGH transition of the clock if lEN is 
also LOW. The instruction latch becomes transparent 
when it exits an immediate instruction mode during a 
LOW-HIGH transition of the clock. 

Tf -T4 Input/Output Pin. Under the control of OEj, the four lower 
status bits Z, C, N, OVR become outputs on T 1 -T 4 , 
respectively when OEj goes HIGH. When OEj is LOW, 
Ti -T 4 are used as inputs to generate the CT output. 

OEj Output Enable. When OEj is LOW, the 4-bit T outputs 
are disabled (high-impedance); when OEy is HIGH, the 
4-bit T outputs are enabled (HIGH or LOW). 

CT Conditional Test. The condition code multiplexer selects 
one of the twelve condition code signals and places them 
on the CT output. A HIGH on the CT output indicates a 
passed condition and a LOW indicates a failed condition. 
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ARCHITECTURE OF THE Am29116 

The Am29116 is a high-performance, tnicroprogrammable 16-bit bipolar 
microprocessor. 

As shown in the Block Diagram, Figure 1, the device consists of the 
following elements interconnected with 16-bit data paths. 

• 32-Word by 16-Bit RAM 

• Accumulator 

• Data Latch 

• Barrel Shifter 

• ALU 

• Priority Encoder 

• Status Register 

• Condition-Code Generator/Multiplexer 

• Three-State Output puffers 

• Instruction Latch and Decoder 


32-Word by 16-Bit RAM 

The 32-Word by 16-Bit RAM is a single-port RAM with a 16-bit latch at its 
output. The latches are transparent when the clock input (CP) is HIGH 
and latched when the clock input is LOW. Data is written into the RAM 
while the clock is LOW if the lEN input is also LOW and if the instruction 
being executed defines the RAM as the destination of the operation. For 
byte instructions, only the lower eight RAM bits are written into; for word 
instructions, all 16 bits are written into. With the use of an external 
multiplexer on five of the instruction inputs, it is possible to select separate 
read and write addresses for the same instruction. This two-address 
operation is not allowed for immediate instructions. 

Accumulator 

The 16-bit Accumulator is an edge-triggered register. The Accumulator 
accepts data on the LOW-to-HIGH transition of the clock input if the lEN 
input is LOW and if the instruction being executed defines the Ac¬ 
cumulator as the destination of the operation. For byte instructions, only 
the lower eight bits of the Accurtiulator are written into; for word instruc¬ 
tions, all 16 bits are written into. 

Data Latch 

The 16-bit Data Latch holds the data input to the Am29116 on the 
bi-directional Y bus. The latch is transparent when the DLE input is HIGH 
and latched when the DLE input is LOW. 

Barrel Shifter 

A 16-bit Barrel Shifter is used as one of the ALU inputs. This permits 
rotating data from either the RAM, the Accumulator or the Data Latch up to 
15 positions. In the word mode, the Barrel Shifter rotates a 16-bit word; in 
the byte mode, it rotates only the lower eight bits. 

Arithmetic Logic Unit 

The Am29116 contains a 16-bit ALU with full carry lookahead across all 16 
bits in the arithmetic mode. The ALU is capable of operating on either one, 
two or three operands, depending upon the instruction being executed. It 
has the ability to execute all conventional one and two operand opera¬ 
tions, such as pass, complement, two’s complement, add, subtract, AND, 
NAND, OR, NOR, EXOR, and EX-NOR. In addition, the ALU can also 
execute three-operand instructions such as rotate and merge and rotate 
and compare with mask. All ALU operations can be performed on either a 
word or byte basis, byte operations being performed on the lower eight 
bits only. 

The ALU produces three status outputs, C (carry), N (negative) and OVR 
(overflow). The appropriate flags are generated at the byte or word level, 
depending upon whether the device is executing in the byte or word 
mode. The Z (zero) flag, although not generated by the ALU, detects zero 
at both the byte and word level. 

The carry input to the ALU is generated by the Carry Multiplexer which can 
select an input of zero, one, or the stored carry bit from the Status 
Register, QC. Using QC as the carry input allows execution of multipreci¬ 
sion addition and subtractions. 

Priority Encoder 

The Prio/ity Encoder produces a binary-weighted code to indicate the 
locations of the highest order ONE at its input. The input to the Priority 
Encoder is generated by the ALU which performs an AND operation on 
the operand to be prioritized and a mask. The mask determines which bit 
locations to eliminate from prioritization. In the word mode, if no bit is 
HIGH, the output is a binary zero. If bit 15 is HIGH, the output is a binary 
one. Bit 14 produces a binary two, etc. Finally, if only bit 0 is HIGH, a 
binary 16 is produced. 


In the byte mode, bits 8 thru 15 do not participate. If none of bits 7 thru 0 
are HIGH, the output is a binary zero. If bit 7 is HIGH a binary one is 
produced. Bit 6 produces a binary two, etc. Finally, if only bit 0 is HIGH, a 
binary 8 is produced. 

Status Register 

The Stat us Re gister holds the 8-bi t stat us word. With the Status-Register 
Enable, (SRE) input LOW and the lEN input LOW, the Status Register is 
updated at the end of a ll inst ructions excep t NO -OP, Save-Status and 
Test-Status instructions. SRE going HIGH or lEN going HIGH inhibits the 
Status Register from changing. 

The lower four bits of the Status Register contain the ALU status bits of 
Zero (Z), Carry, (C) Negative (N), and Overflow (OVR). The upper four 
bits contain a Link bit and three user-definable status bits (Flag.1, Flag 2, 
Flag 3). 

With SRE LOW and lEN LOW, the lower four status bits are updated after 
each instruction except those mentioned above, NO-OP, Save Status, 
Status Test and the Status Set/Reset instruction for the upper four bits. 
Under the same conditions, the upper four status bits are' changed only 
during their respective Status Set/Reset instructions and during Status 
Load instuctions in the word mode. The Link-Status bit is also updated 
after each shift instruction. 

The Status Register can be loaded from the internal Y-bus, and can also 
be selected as a source for the internal Y-bus. When the Status Register 
is loaded in the word mode, all 8-bits are updated; in the byte mode, only 
the lower 4 bits (Z, C, N, OVR) are updated. 

When the Status Register is selected as a source in the word mode, all 
eight bits are loaded into the lower byte of the destination; the upper byte 
of the destination is loaded with all zeros. In the byte mode, the Status 
Register again loads into the lower byte of the destination, but the upper 
byte remains unchanged. This Store and Load combination allows saving 
and restoring the Status Register for interrupt and subroutine processing. 
The four lower status bits (Z, C, N, OVR) can be read directly via the 
bidirectional T bus. These four bits are available as outputs on the T1.4 
outputs whenever OEj is HIGH. 

Condition-Code Generator/Multiplexer 

The Condition-Code Generator/Multiplexer contains the logic necessary 
to develop the 12 condition-code test signals. The multiplexer portion can 
select one of these test signals and place it on the CT output for use by the 
microprogram sequence. The multiplexer may be addressed in two dif¬ 
ferent ways; One way is through the Test Instruction. This instruction 
specifies the test condition to be placed in the CT output, but does not 
allow an ALU operation at the same time. The second method uses the 
bidirectional T bus as an input. This requires extra bits in the microword, 
but provides the ability to simultaneously test and execute. The test 
instruction lines, I0-4 have priority over T-| .4 for testing status. 

Three-State Output Buffers 

There are two sets of Three-State Output Buffers in the Am29116. One set 
controls the bidirectional, 16-bit Y bus. These outputs are enabled by 
placing a LOW on the OE input. A HIGH puts the Y outputs in the 
high-impedance state, allowing data to be input to the Data latch from an 
external source. 

The second set of Three-State Output Buffers control the bidirectional 
4-bit T bus and is enabled by placing a HIGH on the OE^ input. This allows 
storing the four internal ALU status bits (Z, C, N, OVR) externally. A LOW 
OEj input forces the T outputs into the high-impedance state. External 
devices can then drive the T bus to select a test condition for the CT 
output. 

Instruction Latch and Decoder 

The 16-bit Instruction Latch is normally transparent to allow decoding of 
the Instruction Inputs by the Instruction Decoder into the internal control 
signals for the Am29116. All instructions except Immediate Instructions 
are executed in a single clock cycle. 

Immediate instructions require two clock cycles for execution. During the 
first clock cycle, the Instruction Decoder recognizes that an Immediate 
Instruction is being specified and captures the data on the Instruction 
Inputs in the Instruction Latch. During the second clock cycle, the data on 
the Instruction Inputs is used as one of the operands for the function 
specified during the first clock cycle. At the end of the second clock cycle, 
the Instruction Latch is returned to its transparent state. 
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INSTRUGTION SET 

The instruction set of the Am29116 is very powerful. In addition to 
the single and two operand logical and arithmetic instructions, the 
Am29116 instruction set contains functions particularly useful in 
controller applications; bit set, bit reset, bit test, rotate and merge, 
rotate and compare, and cyclic-redundancy-check (CRG) gener¬ 
ation. Complex instructions like rotate and merge, rotate and 
compare, and prioritize are executed in a single microcycle. 

Three data types are supported by the Am29116. 

• Bit 

• Byte 

• Word (16-bit) 

In the byte mode data is written into the lower half of the word and 
the upper half is unchanged. The special case is when the status 
register is specified as the destination. In the byte mode the LSH 
(OVR, N, C, Z) of the status register is updated and in the word 
mode all eight bits of the status register are updated. The status 
register does not change for save status and test status instruc¬ 
tions. In the test status instructions the CT output has the result 
and the Y-bus is undefined. 

TABLET. OPERAND SOURCE/DESTINATION COMBINATIONS 


Notes; 1. When there is no dividing line between the R&S OPERAND 
or SOURCE and DESTINATION, the two must be used as a 
given pair. But where there exists such a separation, any 
combination of them is possible. 

2. In the SINGLE OPERAND INSTRUCTION. RAM cannot be 
used when both ACC and STATUS are designated as a 
DESTINATION. 

3. In the PRIORITIZE INSTRUCTIONS, OPERAND and MASK 
must be different sources. 


Instruction Type 


Prioritize (Note 3) 


Cyclic 

Redundancy Check 


No Operation 


Set Reset Status 


Test Status 


Operand Combinations (Note 1) 


Source (R) Mask (S) 


RAM 

ACC 

D 


RAM 

ACC 


Destination 


RAM 
ACC 
Y Bus 


Data In Destination Polynomial 


QLINK 


RAM 


ACC 


Bits Affected 


OVR, N, C, Z 
LINK 
Flag 1 
Flag 2 
Flag 3 


Source (R) 


D 

ACC 

D 


RAM 
ACC 
Y Bus 


Source (S) 


ACC 


I 


Status 
Status and ACOl 


Test Condition (CT) 


(N0OVR) + Z 

N0OVR 

Z 

OVR 

Low 

C 

Z + C 
N 

LINK 

Flagi 

Flag2 

Flag3 


Instruction Type 

Operand Combinations (Note 1) | 


Source (R/S) 

Destination 


RAM (Note 2) 

RAM 


ACC 


ACC 

Single Operand 

D 


Y Bus 


D(0E) 


Status 


D(SE) 


ACC and Status 


0 




Source (R)| Source (S) 

Destination 


RAM 

ACC . 

■ RAM 


RAM 

1 

ACC 

Two-Operand 

D 

RAM 

Y Bus 


D 

ACC 



ACC 

1 



D 

1 



Source (U) 

Destination 


RAM 

RAM 

Single Bit Shift 

ACC 

ACC 

ACC 

Y Bus 


D 


RAM 


D 


ACC 


D 


Y Bus 


Source (U) 

Destination 

Rotate n Bits 

RAM 

RAM 


ACC 

ACC 


__. 


Y Bus 


Source (R/S) 

Destination 


RAM 

RAM 

, Bit Oriented 

ACC 

ACC 


D 


Y Bus 


Rotated 


Non-Rotated Source/ 


Source (U) 

Mask (S) 

Destination (R) 


D 

1 

ACC 

Rotate and Merge 

D 

RAM 

1 

ACC 

D 

RAM 


D 

ACC 

RAM 


ACC 

1 

RAM 


RAM 

1 

ACC 


Rotated 


Non-Rotated Source/ 


Source (U) 

Mask (S) 

Destination (R) 

Rotate and 

D 

1 

ACC 

Compare 

D 

1 

RAM 


D 

ACC 

RAM 


RAM 

1 

ACC 


The Am29116 Instruction Set can be divided into eleven types Of 
instructions. These are: 

• Single Operand 

• Two Operand 

• Single Bit Shift 

• Rotate and Merge 

• Bit Oriented 

• Rotate by n Bits 

Each instruction type is arbitrarily divided into quadrants. Two of 
the sixteen instruction lines decode to four quadrants labelled 
from 0 to 3. The quadrants were defined mainly for conveniendo 
In classification of the instruction set and addressing modes arid 
can be used together with the OP CODES to distinguish the 
instructions. 

The following pages describe ea ch of the instruction types in 
detail. Throughout the description OEy is assumed to be LOW 
allowing ALU outputs on the Y-bus. 

Table 1 illustrates operand source-destination combinations for 
each instruction type. 


• Rotate and Compare 

• Prioritize 

• Cyclic-Redundancy-Check 

• Status 

• No-Op 


6-18 










Am29116 


SINGLE OPERAND 

The Single Operand Instructions contain four indicators; byte or 
word mode, opcode, source and destination. It is further sub¬ 
divided into two types. The first type uses RAM as a source or 
destination or both, and the second type does not use RAM as a 
source or destination. Both types have different instruction for¬ 
mats as shown below. Under the control of instruction inputs, the 
desired function is performed on the source and the result is 
either stored in the specified destination or placed on the Y-bus or 
both. For a special case where 8-bit to 16-bit conversion is 


INSTRUCTIONS 

needed, the Am29110 is capable of extending sign bit (D(SE)) or 
binary zero (D(0E)) over 16-bits in the word mode. The least 
significant four bits of the Status Register (OVR, N, C, Z) are 
affected by the function performed in this category. The most 
significant bits of status register (FLAG1, FLAG2, FLAGS, LINK) 
are not affected. The only limitation in this type is that the RAM 
cannot be used as a source when both ACC and the Status 
Register are specified as a destination. 


SINGLE OPERAND FIELD DEFINITIONS 

15 14 13 12 9 8 5 4 


SOR 


B/W 

Quad 

Qpcode 

SRC-Dest 

RAM Address 


B/W 

Quad 

Opcode 

SRC 

Dest 


15 14 13 12 9 


SINGLE OPERAND INSTRUCTION 


8 


In^tructionl 

B/W2 

Quacl3 

Opcode 



R/S4 

DesH 

RAM Address 




1100 

MOVE SRC Dest 

0000 

SORA 

RAM 

ACC 

00000 

ROO 

RAM Reg 00 




1101 

COMP SRC Dest 

0010 

SCRY 

RAM 

Y Bus 







1110 

INC SRC +1 -> Dest 

0011 

SORS 

RAM 

Status 

11111 

R31 

RAM Reg 31 




1111 

NEG SRC+1-> Dest 

0100 

SOAR 

ACC 

RAM 




SOR 

0 = B 

10 



0110 

SODR 

D 

RAM 





1 = W 




0111 

SOIR 

1 

RAM 









1000 

SOZR 

0 

RAM 









1001 

SOZER 

D(0E) 

RAM 









1010 

SOSER 

D(SE) 

RAM 









1011 

SORR 

RAM 

RAM 




ln$truction 

B/W 

Quad 

Opcode 

R/S^ 

Destination 




1100 

MOVE SRC -> Dest 

0100 

SOA 

ACC 

00000 

NRY 

Y Bus 




1101 

COMP SRC Dest 

0110 

SOD 

D 


00001 

NRA 

ACC 

SONR 

0 = B 


1110 

INC SRC+1-^ Dest 

0111 

SOI 

1 


00100 

NRS 

Status 


1=W 

11 

1111 

NEG SRC +1 Dest 

1000 

SOZ 

0 


00101 

NRAS 

ACC, Status 






1001 

SOZE 

D(0E) 









1010 

SOSE 

D(SE) 





Notes: 1. The instruction mnemonic designates different instruction formats used in the Am29116. They are useful in assembly microcode with 
the System 29 AMDASM^“ meta assembler. 

2. B = Byte Mode, W = Word Mode. 

3. See Instruction Set description. 

4. R = Source: S = Source: Dest = Destination. 


Y BUS AND STATUS - SINGLE OPERAND INSTRUCTIONS 


Instruction 

Opcode 

Description 

B/W 

Y - Bus 

FiagS 

Flag2 

Fiagi 

LINK 

OVR 

N 

c 

z 

SOR 

SONR 

MOVE 

SRC Dest 

0 = B 

1 = W 

Yi ^ SRCj 

NC 

NC 

NC 

NC 

u 

u 

u 

u 

COMP 

SRC Dest 

Yi ^S^ 

NC 

NC 

NC 

NC 

u 

u 

u 

u 

INC 

SRC +1 Dest 

Y ^SRC +1 

NC 

NC 

NC 1 

NC 

u 

u 

u 

u 

NEG 

SRC +1 Dest 

Y ^S^ +1 

NC 

NC 

NC 

NC 

u 

u 

u 

u 


SRC = Source 
U == Update 
NC = No Change 
0 = Reset 
1 = Set 

i = 0 to 15 when not specified 
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TWO OPERAND INSTRUCTIONS 


The Two Operand Instructions contain five indicators; byte or 
word mode, opcode, R source, S source, and destination. It Is 
further subdivided into two types. The first type uses RAM as the 
source and/or destination and the second type does not use RAM 
as source or destination. The first type has two formats, the only 
difference is In the quadrant. Under the control of instruction 
Inputs, the desired function is performed on the specified sources 
and the result Is stored in the specified destination or placed on 


the Y-bus or both. The least significant four bits of the status 
register (OVR, N, C, Z) are affected by the arithmetic functions 
performed and only the N and Z bits are affected by the logical 
functions performed. The OVR and C bits of the status register 
are forced to ZERO for logical functions. Add with carry and 
Subtract with carry instructions are useful for Multiprecision Add 
or Subtract. 


TWO OPERAND FIELD DEFINITIONS: 

15 14 13 12 98 54 0 


B/W 

Quad 

SRC-SRC 

-Dest 

Opcode 

RAM Address 


B/W 

Quad 

SRC-SRC 

-Dest 

Opcode 

RAM Address 


B/W 

Quad 

SRC-SRC 

Opcode 

Dest 


TWO OPERAND INSTRUCTIONS 


instruction 

B/W 

Quad 



Rl 

S1 

Desti 

Opcode 

RAM Address 


0 = B 

00 

0000 

TORAA 

RAM 

ACC 

ACC 

0000 

SUBR 

S minus R 

00000 

ROO 

RAM Reg 00 


1= W 


0010 

TORIA 

RAM 

I 

ACC 

0001 

SUBRC 

S minus R 







0011 

TODRA 

D 

RAM 

ACC 



with carry 

11111 

R31 

RAM Reg 31 




1000 

TORAY 

RAM 

ACC 

YBus 

0010 

SUBS 

R minus S 







1010 

TORIY 

RAM 

I 

YBus 

0011 

SUBSC 

R minus S 







1011 

TODRY 

D 

RAM 

YBus 



with carry 







1100 

TORAR 

RAM 

ACC 

RAM 

0100 

ADD 

R plus S 




TORI 



1110 

TORIR 

RAM 

I 

RAM 

0101 

ADDC 

R plus S 







1111 

TODRR 

D 

RAM 

RAM 

0110 

AND 

with carry 

R • S 












0111 

NAND 

R-S 












1000 

EXOR 

R © S 












1001 

NOR 

R + S 












1010 

OR 

R + S 












1011 

EXNOR 

R © S 




Instruction 

B/W 

Quad 



Rl 

Si 

Dest1 

Opcode 

RAM Address 


0= B 

10 

0001 

TODAR 

D 

ACC 

RAM 

0000 

SUBR 

S minus R 

00000 

ROO 

RAM Reg 00 


1 = W 


0010 

TOAIR 

ACC 

1 

RAM 

0001 

SUBRC 

S minus R 







0101 

TODIR 

D 

1 

RAM 

0010 

SUBS 

with carry 

R minus S 

11111 

R31 

RAM Reg 31 


i 







0011 

SUBSC 

R minus S 
with carry 












0100 

ADD 

R plus S 




TOR2 


i 






0101 

ADDC 

R plus S 
with carry 












0110 

AND 

R-S 












0111 

NAND 

R-S 












1000 

EXOR 

R © S 












1001 

NOR 

R + S 












1010 

OR 

R + S 












1011 

EXNOR 

R © S 





Note 1: R = Source 
S = Source 
Dest = Destination 
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TWO OPERAND INSTRUCTIONS 


Instruction 

B/W 

Quad 



R1 

Si 

Opcode 

Destination 


0 = B 

11 

0001 

TODA 

D 

ACC 

0000 

SUBR 

S minus R 

00000 

NRY Y Bus 


1 = W 


0010 

TOAI 

ACC 

1 

0001 

SUBRC 

S minus R with 

00001 

NRA ACC 




0101 

TODI 

D 

1 



carry 

00100 

NRS Status 








0010 

SUBS 

R minus S 

00101 

NR AS ACC, Status 

TONR 







0011 

SUBSC 

R minus S with 
carry 










0100 

ADD 

R plus S 










0101 

ADDC 

R plus S with 
carry 










0110 

AND 

R-S 



1 







0111 

NAND 

R-S 










1000 

EXOR 

R ® S 










1001 

NOR 

R + S 



1 







1010 

OR 

R + S 










1011 

EXNOR 

R ® S 




Notes 1; R = Source 
S = Source 


Y BUS AND STATUS CONTENTS - TWO OPERAND INSTRUCTIONS 


— 

Instruction 

Opcode 

Description 

B/W 

Y - Bus 

Flags 

Flags 

Flagi 

LINK 

OVR 

N 

c 

z 


SUBR 

S minus R 

0 = B 

Y ^S - R 

NC 

NC 

NC 

NC 

U 

u 

u 

u 


SUBRC 

S minus R with 
carry 

1 = W 

Y^S + R-1+QC 

NC 

NC 

NC 

NC 

u 

u 

u 

u 


SUBS 

R minus S 


Y 4-R - S 

NC 

NC 

NC 

NC 

u 

u 

u 

u 

TORI 

TOR2 

SUBSC 

R minus S with 
carry 


Y^R + S - 1 + QC 

NC 

NC 

NC 

NC 

u 

u 

u 

u 

TONR 

ADD 

R plus S 


Y <-R + S 

NC 

NC 

NC 

NC 

u 

u 

u 

u 


ADDC 

R plus S with 
carry 


Y ^ R + S + QC 

NC 

NC 

NC 

NC 

u 1 

u 

u '! 

u 


AND 

R-S 


Y ^ Rj AND Sj 

NC 

NC 

NC 

NC 

0 

u 

0 

u 


NAND 



Yj ^ Ri NAND Si 

NC 

NC 

NC 

NC 

0 

u 

0 

u 


EXOR 

R ® S 


Yj ^ Rj EXOR Si 

NC 

NC 

NC 

NC 

0 , 

u 

0 

u 


NOR 

rTs 


Yi 4- Rj NOR Si 

NC 

NC 

NC 

NC 

0 

u 

0 

u 


OR 

R + S 


Yi ^ Ri OR Si 

NC 

NC 

NC 

NC 

0 

u 

0 

u 


EXNOR 

R © S 


Yi ^ Ri EXNOR Si 

NC 

NC 

NC 

NC 

0 

u 

0 

u 


SRC = Source 
U = Update 
NC = No Change 
0 = Reset 
1 = Set 

i = 0 to 15 when not specified 


f 
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SINGLE BIT SHIFT INSTRUCTIONS 


The Single Bit Shift Instructions contain four indicators; byte or 
word mode, direction and shift linkage, source and destination. It 
is further subdivided into two types. The first type uses RAM as 
the source and/or destination and the second type does not use 
RAM as source or destination. Under the control of the instruction 
inputs, the desired shift function is performed on the specified 
source and the result is stored in the specified destination or 
placed on the Y-bus or both. The direction and shift linkage 
indicator defines the direction of the shift (up or down) as well as 
what will be shifted into the vacant bit. On a shift-up instruction, 


the LSB may be loaded with ZERO, ONE, or the Link-Status bit 
(QLINK). The MSB is loaded into the Link-Status bit as shown in 
Figure 2. On a shift-down instruction, the MSB may be loaded 
with ZERO, ONE, the contents of the Status Carry flip-flop, (QC), 
the ExclusIve-OR of the Negative-Status bit and the Overflow- 
Status bit (ON ®OOVR) or the Link-Status bit. The LSB is loaded 
into the Link-Status bit as shown In Figure 3. The N and Z bits of 
the Status register are affected but the OVR and C bits are forced 
to ZERO. The Shift-Down with QNeQOVR is useful for Two’s 
Complement multiplication. 


SINGLE BIT SHIFT FIELD DEFINITIONS: 

15 14 13 12 9 8 5 4 0 


SHFTR 

SHFTNR 


B/W 

Quad 

SRC-Dest 

Opcode 

RAM Address 


B/W 

Quad 

SRC 

Opcode 

Dest 


SOURCE 



DESTINATION 


Figure 2. Shift Up Function 


MPR-763 


SOURCE t 


0 

1 

QC 

QNeQOVR 

QLINK 


DESTINATION 


Figure 3. Shift Down Function mpr-764 
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SINGLE BIT SHIFT INSTRUCTIONS 


SINGLE BIT SHIFT 


Instruction 

B/W 

Quad 


Ul 

Dest^ 

Opcode 

RAM Address 


0 = B 

10 

0110 

SHRR RAM 

RAM 

0000 

SHUPZ 

Up 

0 

00000 

ROO RAM Reg 00 


1 = W 


0111 

SHDR D 

RAM 

0001 

SHUP1 

Up 

1 



SHFTR 






0010 

SHUPL 

Up 

QLINK 

11111 

R31 RAM Reg 31 







0100 

SHDN2 

Down 

0 









0101 

SHDN1 

Down 

1 









0110 

SHDNL 

Down 

QLINK 









0111 

SHDNC 

Down 

QC 









1000 

SHDNOV Down 

QNeQOVR 



Instruction 

I 

B/W 

Quad 

Ul 

Opcode 

Destination 

I 

0 = B 

11 

0110 

SHA ACC 


0000 

SHUPZ 

Up 

0 

00000 

NRY Y Bus 


1 = W 


0111 

SHD D 


0001 

SHUP1 

Up 

1 

00001 

NRA ACC 

SHFTNR 






0010 

SHUPL 

Up 

QLINK 









0100 

SHDNZ 

Down 

0 









0101 

SHDN1 

Down 

1 









0110 

SHDNL 

Down 

QLINK 









0111 

SHDNC 

Down 

QC 









1000 

SHDNOV Down 

QNeQOVR 




Note 1. U = Source 

Dest = Destination 


Y BUS AND STATUS - SINGLE BIT SHIFT INSTRUCTIONS 


Instruction 

Opcode 

Description 

B/W 

Y - Bus 

Flags 

Flags 

Flagi 

LINK 

523 

N 

B 

B 

SHR 

SHNR 

SHUPZ 

SHUP1 

SHUPL 

Up 0 

Up 1 

Up QLINK 

1 = W 

Yi <- SRCi _ 1 , i = 1 to 15; 
Yq <- Shift Input 

NC 

NC 

NC 

SRCi5* 

0 

SRCi4 

0 

u 

0 = B 

Yi <-SRC| _ 1 , i = 1 to7; 

Yq Shift Input; 

Ya SRCy, Yi ^ SRCi - 8 
for i = 9 to 15 

NC 

NC 

NC 

SRC7‘ 

0 

SRCe 

0 

u 

SHDNZ 

SHDN1 

SHDNL 

SHDNC 

SHCNOV 

Down 0 

Down 1 

Down QLINK 

Down QC 

Down QN e QOVR 

0= W 

Yi SRCi + 1 . i = 14 to 0; 
Yi 5 <- Shift Input 

NC 

NC 

NC 

SRCo* 

0 

Shift 

Input 

0 

u 

0 = B 

Yi^-SRCi + i,i = 1 to6; 

Yi SRCi - 7 . i = 8 to 14; 
Y 7,15 <- Shift Input 

NC 

NC 

NC 

SRCo* 

0 

Shift 

Input 

0 

u 


SRC = Source; ‘Shifted Output is loaded into the QLINK. 

U = Update 
NC = No Change 
0 = Reset 
1 = Set 

i = 0 to 15 when not specified 
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BIT ORIENTED 

The Bit Oriented Instructions contain four indicators; byte or word 
mode, operation, source/destination, and the bit position of the bit 
to be operated on (Bit 0 is the least significant bit). It is further 
subdivided into two types. The first type uses the RAM as both 
source and destination and has two kinds of formats which differ 
only by quadrant. The second type does not use the RAM as a 
source or a destination. Under the control of the instruction inputs, 
the desired function is performed on the specified source and the 
result is stored in the specified destination or placed on the Y-bus 
or both. The operations which can be performed are: Set Bit n 
which forces the nth bit to a ONE leaving other bits unchanged; 


INSTRUCTIONS 

Reset Bit n which forces the nth bit to ZERO leaving the other bits 
unchanged; Test Bit n, which sets the ZERO Status Bit depending 
on the state of bit n leaving all the bits unchanged; Load 2n, which 
loads ONE in Bit position n and ZERO in all other bit positions; 
Load 21^ which loads ZERO in bit position n and ONE in all other 
bit positions; increment by 2n, which adds 2n to the operand; and 
decrement by 2n which subtracts 2'^ from the operand. For all the 
Load Set, Reset and Test instructions, the N and Z bits are 
affected and OVR and C bit of the Status register are forced to 
ZERO. For all arithmetic instructions the LSH (OVR, C, N, Z bits) 
of the Status register is affected. 


BOR1 

BOR2 

BONR 


BIT ORIENTED FIELD DEFINITIONS 

15 14 13 12 9 8 5 4 0 


B/W 

Quad 

n 

Opcode 

RAM Address 


B/W 

Quad 

n 

Opcode 

RAM Address 


B/W 

Quad 

n 

1100 

Opcode 


BIT ORIENTED INSTRUCTIONS 


Instruction 

B/W 

Quad 

n 

Opcode 

RAM Address 


0 = B 

1 = W 



1101 

SETNR Set RAM, bit n 

00000 

ROO 

RAM Reg 00 

BOR1 

11 

Oto 15 

1110 

RSTNR Reset RAM, bit n 







1111 

TSTNR Test RAM, bit n 

11111 

R31 

RAM Reg 31 

Instruction 

B/W 

Quad 

n 

Opcode 

RAM Address 





1100 

LD2NR 2n -> RAM 

00000 

ROO 

RAM Reg 00 

BOR2 

0 = B 

10 

Oto 15 

1101 

LDC2NR 21 RAM 

1 = W 

1110 

1111 

A2NR RAM plus 2^ ^ RAM 

S2NR RAM minus 2^ RAM 

11111 

R31 

RAM Reg 31 

Instruction 

B/W 

Quad 

n 


Opcode 







00000 

TSTNA 

Test ACC, bit n 







00001 

RSTNA 

Reset ACC, bit n 







00010 

SETNA 

Set ACC, bit n 







00100 

A2NA 

ACC plus 2nACC 







00101 

S2NA 

ACC minus 2 ^^ ACC 







00110 

LD2NA 

2" -> ACC 

BONR 

0 = B 

1 = W 

11 

Oto 15 

1100 


00111 

10000 

LDC2NA 

TSTND 

2 n ACC 

Test D, bit n 







10001 

RSTND 

Reset D, bit n 







10010 

SETND 

Set D, bit n 







10100 

A2NDY 

D plus 2^ ^ Y Bus 






■ 

10101 

S2NDY 

D minus 2^ -> Y Bus 







10110 

LS2NY 

2" Y Bus 







10111 

LDC2NY 

2n Y Bus 
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BIT ORIENTED INSTRUCTIONS 


Y BUS AND STATUS ~ BIT ORIENTED INSTRUCTIONS 


Instruction 

Opcode 

Description 

B/W 

Y- Bus 


Bi!9 

ElO 



a 

c 

z 


SETNR 

Set RAM Bit n 

o 

CO 

Yj ^ RAMi for i n; Yn -f- 1 

NC 

NC 

NC 

NC 

0 

u 

0 

0 

BOR1 

RSTNR 

Reset RAM, Bit n 

1 = W 

Yj ^ RAMi for i =it n; Yn -H- 0 

NC 

NC 

NC 

NC 

0 

u 

0 

, u 


TSTNR 

Test RAM, Bit n 


Yj<H-Ofori sfe n; Yn^SRCn 

NC 

NC 

NC 

NC 

0 

u 

0 

u 


LD2NR 

2n RAM 


Yj •<- 0 for i ^ n; Yn <-1 

NC 

NC 

NC 

NC 

0 

u 

0 

0 

BOR2 

LDC2NR 

2 ^-^ RAM 


Yj 1 for i =/= n; Yn 0 

NC 

NC 

NC 

NC 

0 

u 

0 

0 


A2NR 

RAM + 2n RAM 


Yj «- RAM + 2n 

NC 

NC 

NC 

NC 

u 

u 

u 

u 


S2NR 

RAM - 2n ^ RAM 


Yj <- RAM - 2" 

NC 

NC 

NC 

NC 

u 

u 

u 

u 


TSTNA 

Test ACC, Bit n 


Yi*-Ofori^ n;Yn<-ACCn 

NC 

NC 

NC 

NC 

0 

u 

0 

u 


RSTNA 

Reset ACC, Bit n 


Yj^ACCj fori^ n; Yn<-0 

NC 

NC 

NC 

NC 

0 

u 

0 

u 


SETNA 

Set ACC, Bit n 


Yj ^ ACCi for i ^ n; Yn <-1 

NC 

NC 

NC 

NC 

0 

u 

0 

0 


A2NA 

ACC + 2n ACC 


Yi^ACC + 2n 

NC 

NC 

NC 

NC 

u 

u 

U 

u 


S2NA 

ACC - 2n ^ ACC 


Yi^ACC-2n 

NC 

NC 

NC 

NC 

u 

u 

u 

u 


LD2NA 

2n-^ACC 


Yi^Ofori=^ n; Yn<-1 

NC 

NC 

NC 

NC 

0 

u 

0 

0 

BONR 

LDC2NA 

^^ACC 1 


Yj1 for i =it n; Yn 0 

NC 

NC 

NC 

NC 

0 

u 

0 

0 


TSTND 

Test D, Bit n 1 


Yi-i-Ofori^ n; Yn^Dn 

NC 

NC 

NC 

NC 

0 

u 

0 

u 


RSTND 

Reset D, Bit n* 


Yj Di for i n; Yn 0 

NC 

NC 

NC 

NC 

0 

u 

0 

u 


SETND 

Set D, Bit n* 


Yj ^ Dj for i ¥= n; Yn 1 

NC 

NC 

NC 

NC 

0 

u 

0 

0 


A2NDY 

1 

D + 2n -> Y Bus 

1 


Y«-D + 2n 

NC 

NC 

NC 

NC 

u 

u 

u 

u 


S2NDY 

D - 2n Y Bus 


Y ^ D - 2n 

NC 

NC 

NC 

NC 

1 

u 

u 

U ' 

u 


LD2NY 

2n Y Bus 


Yi^-Ofori n; Yn«-1 

NC 

NC 

NC 

NC 

0 

u 

0 ■ 

0 


LDC2NY 

^ Y Bus 


Yj ♦-1 for i ^ n: Yn 0 

NC 

NC 

NC ! 

NC 

0 

u 

0 

0 


SRC = Source 
U = Update 
NC = No Change 
0 = Reset 
1 = Set 

i = 0 to 15 when not specified 


•Destination is not D Latch but Y Bus. 
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ROTATE BY n BITS INSTRUCTIONS 


The Rotate by n Bite instructions contain four indicators: byte or 
word mode, source, destination and the number of places the 
source is to be rotated. It is further subdivided into two types. The 
first type uses RAM as a source and/or a destination and the 
second type does not use RAM as a source or destination. The 
first type has two different formats and the only difference is in the 
quadrant. The second type has only one format as shown In the 
table. Under the control of instruction inputs, the n Indicator 
specifies the number of bit positions the source is to be rotated up 


(0 to 15) and the result is either stored in the specified destination 
or placed on the Y-bus or both. An example of this instruction is 
given In Figure 4. in the Word mode, all 16-bits are rotated up 
while in the Byte mode, only lower 8-bits (0-7) are rotated up. In 
the Word mode, a rotate up by n bits is equivalent to a rotate down 
by {16-n) bits. Similarly, in the Byte mode a rotate up by n bits is 
equivalent to a rotate down by (8-n) bits. The N and Z bits of the 
Status Register are affected and OVR and C bits are forced 
to ZERO. 


EXAMPLE: n ^ 4, Word Mode 

Source 0001 

Destination 0011 

EXAMPLE: n = 4, Byte Mode 

Source 0001 

Destination 0001 


0011 

0111 

1111 

0111 

1111 

0001 

0011 

0111 

1111 

0011 

1111 

0111 


ROTATE BY n BITS FIELD DEFINITIONS: 

15 14 13 12 9 8 5 4 0 

ROTR1 B/W Quad n SRC-Dest RAM Address 

ROTR2 Ib/wI Quad I n 1 SRC-Dest I RAM Address I 


Figure 4. Rotate by n Example 


ROTNR B/W Quad n 1100 SRC-Dest 


Note 1: U = Source 

Dest = Destination 


ROTATE BY n BITS INSTRUCTIONS 


RTRA RAM 
RTRY RAM 
RTRR RAM 


RAM Address 


ROO RAM Reg 00 
R31 RAM Reg 31 

RAM Address 


ROTR2 

r-- 

0 = B 

1 = W 

01 

. 0 to 15 

0000 RTAR ACC RAM 
0001 RTDR D RAM 

00000 ROO RAM Reg 00 

11111 R31 RAM Reg 31 

Instruction 

B/W 

Quad 

n 


Ul Desti 

ROTNR 

o 

11 II 

11 

Oto 15 

1100 

11000 RTDY D YBus 

11001 RTDA D ACC 

11100 RTAY ACC YBus 

11101 RTAA ACC ACC 


Y BUS AND STATUS - ROTATE BY n BITS INSTRUCTIONS 
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ROTATE AND MERGE INSTRUCTION 


The Rotate and Merge Instructions contain five indicators; byte 
or word mode, rotated source, non-rotated source/destination, 
mask and the number of bit positions a source is to be rotated. 
The function performed by the Rotate and Merge instruction is 
illustrated in Figure 5. The rotated source, U, is rotated up by the 
Barrel Shifter n places. The mask input then selects, on a bit by bit 
basis, the rotated U input or R input. A ZERO in bit i of the mask 


will select the i^h bit of the R input as the i^h output bit, while ONE in 
bit i will select the ifh rotated U input as the output bit. The output 
word is stored in the non*-rotated operand location. The N and Z 
bits are affected. The OVR and C bits of the Status register are 
forced to ZERO. An example of this instruction is given in 
Figure 6. 


U S (MASK) 



EXAMPLE: n = 4, Word Mode 


u 

0011 

0001 

0101 

0110 

Rotated U 

0001 

0101 

0110 

0011 

R 

1010 

1010 

1010 

1010 

Mask (S) 

0000 

1111 

0000 

1111 

Destination 

1010 

0101 

1010 

0011 


Figure 6. Rotate and Merge Example 


ROTATE AND MERGE FIELD DEFINITIONS: 


15 14 13 12 9 8 5 4 0 






ROT SRC- 


ROTM 

' 

B/W 

Quad 

n 

Non ROT SRC- 
Mask 

RAM Address 


Figure 5. Rotate and Merge Function 


ROTATE AND MERGE INSTRUCTION 


Instruction 

B/W 

Quad 

n 



U1 

R/Dest1 

S1 

RAM Address 





0111 

MDAI 

D 

ACC 

I 





0 = B 



1000 

MDAR 

D 

ACC 

RAM 

00000 

ROO 

RAM Reg 00 

ROTM 

01 

0 to 15 

1001 

MDRI 

D 

RAM 

I 

1 = W 

1010 

1100 

MDRA 

MARI 

D 

ACC 

RAM 

RAM 

ACC 

I 

11111 

R31 

RAM Reg 31 




_1 

1110 

MRAI 

RAM 

ACC 

I 





Note 1. U = Rotated Source 

R/Dest = Non Rotated Source and Destination 
S = Mask 


Y BUS AND STATUS - ROTATED MERGE 


Instruction 

Opcode 

B/W 

Y - Bus 

Flags 

Flag2 

Flagi 

LINK 

OVR 

N 

c 

B 

ROTM 


1 = w 

Yj(Non Rot Op)i • (mask)i + 1 

(Rot Op) (i_n)mod 16 * (mask)i | 

NC 

NC 

NC 

NC 

0 

U 

0 

u 

0 = B 

Yj (Non Rot Op)I • (mask)i + 
(Rot Op)(i_n) mod 8 * (mask)i 

NC 

NC 

NC 

NC 

0 

u 

0 

u 


SRC = Source 
U = Update 
NC = No Change 
0 = Reset 
1 = Set 

i = 0 to 15 when not specified 
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ROTATE AND COMPARE INSTRUCTIONS 


The Rotate and Compare Instructions contain five indicators; 
byte or word mode, rotated source, non-rotated source, mask, 
and the number of bit positions the rotated source is to be rotated 
up. Under the control of Instruction inputs, the function performed 
by the Rotate and Compare instruction is illustrated in Figure 7. 
The rotated operand is rotated by the Barrel Shifter n places. The 
mask is inverted and ANDed on a bit-by-bit basis with the output 


of the Barrel Shifter and R input. Thus, a ONE in the mask input 
eliminates that bit from the comparison. A ZERO allows the 
comparison. If the comparison passes, the Zero flag is set. If It 
fails, the Zero flag is reset. The N and Z bit are affected. The OVR 
and C bits of the Status register are forced to ZERO. An example 
of this instruction is given In Figure 8. 


S (MASK) 



Figure 7. Rotate and Compare Function 


EXAMPLE: n = 4, Word Mode 


u 

0011 

0001 

0101 

0110 

U Rotated 

0001 

0101 

0110 

0011 

R 

0001 

0101 

1111 

0000 

Mask (S) 

0000 

0000 

1111 

1111 


Z (status) = 


Figure 8. Rotate and Compare Examples 


ROTATE AND COMPARE FIELD DEFINITIONS 

15 14 13 12 9 8 5 4 


ROTC 


B/W 

Quad 

n 

Rot Src- 
Non Rot Src- 

RAM Address 




Mask 



ROTATE AND COMPARE INSTRUCTIONS 


Instruction 

B/W 

Quad 

n 

U1 R Si 

RAM Address 

ROTC 

0 = B 

1 = W 

01 

0 to 15 

0010 CDAI D ACC 1 

0011 CDRI D RAM 1 

0100 CDRA D RAM ACC 

0101 CRAI RAM ACC 1 

00000 ROO RAM Reg 00 

11111 R31 RAM Reg 31 


Note 1. U = Rotated Source 

R/Dest = Non Rotated Source and Destination 
S = Mask 


Y BUS AND STATUS - ROTATE AND COMPARE 


Instruction 

— 

Opcode 

B/W 

Y - Bus 

Flags 

Flag2 

Flagi 

LINK 

OVR 

N 

C 

z 

ROTC 


1 = W 

Yj i- (Rot Op)j • (mask)j ®_ 

(Non Rot Op)(i_n)mod 16 * (mask)j 

NC 

NC 

NC 

NC 

0 

U 

0 

u 

0 = B 

Yj (Rot Op)i • (mask)j 0 
(Non Rot Op)(i_n) mod 8 * (mask)j 

NC 

NC 

NC 

NC 

0 

u 

0 

u 


SRC = Source 
U = Update 
NC = No Change 
0 = Reset 
1 = Set 

i = 0 to 15 when not specified 
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PRIORITIZE INSTRUCTION 


The Prioritize Instructions contain four indicators; byte or word 
mode, operand source (R), mask source (S) and destination. It is 
further subdivided into two types. The function performed by the 
Prioritize instruction is shown in Figure 9. The R operand is 
ANDed with the complement of the Mask operand. A ZERO in the 
Mask operand allows the corresponding bit in the R operand to 
participate in the priority encoding function. A ONE in the Mask 
operand forces the corresponding bit in the R operand to a ZERO, 
eliminating it from participation in the priority encoding function. 


The priority encoder accepts a 16-bit input and produces a 5-bit 
binary-weighted code indicating the bit position of the highest 
priority active bit. If none of the inputs are active, the output is 
ZERO. In the Word mode, if input bit 15 is active, the output is 1, 
etc. Figure 10 lists the output as a function of the highest-priority 
active-bit position in both the Word and Byte mode. The N and Z 
bits are affected and the OVR and C bits of the status register are 
forced to ZERO. The only limitation in this instruction is that the 
operand and the mask must be different sources. 


WORD MODE _ BYTE MODE* 

Highest- Highest 

Priority Encoder Priority Encoder 

Active Bit Output Active Bit Output 


S (MASK) 


AND 

/ 

^16 

PRIO 

ENCC 

RITY 

)DER 


Figure 9. Prioritize Function 


None 

15 

14 


15 

16 


None 

7 

6 


♦Bits 8 through 15 do not participate. 

Figure 10. 


PRIORITZE INSTRUCTION FIELD DEFINITIONS 

15 14 13 12 9 8 5 4 0 


B/W 

Quad 

Destination 

Source (R) 

RAM Address/ 
Mask (s) 


B/W 

Quad 

Mask (s) 

Destination 

_ 

RAM Address/ 
Source (R) 



B/W 

Quad 

Mask (s) 

Source (R) 

RAM Address/ 
Destination 


B/W Quad Mask (s) Source (R) Destination 


PRIORITIZE INSTRUCTION 


Instruction 

B/W 

Quad 

Destination 

Source (R) 

RAM Address/Mask (S) 

PRT1 

0 = B 


1000 

PRIA 

ACC 

0111 

PRT1A 

ACC 

00000 

ROO 

RAM Reg 00 

1 = W 

10 

1010 

PR1Y 

YBus 

1001 

PR1D 

D 






1011 

PR1R 

RAM 


11111 

R31 

RAM Reg 31 

instruction 

B/W 

Quad 

Mask (S) 

Destination 

RAM Address/Source (R) 

PRT2 

0 = B 


1000 

PRA 

ACC 

0000 

PR2A 

ACC 

00000 

ROO 

RAM Reg 00 

1 = W 

10 

1010 

PRZ 

0 

0010 

PR2Y 

Y Bus 

11111 

R31 

RAM Reg 31 



1011 

PRI 

1 

Instruction 

B/W 

Quad 

Mask (S) 

Source (R) 

RAM Address/Dest 


0 = B 


1000 

PRA 

ACC 

0011 

PR3R 

RAM 

00000 

ROO 

RAM Reg 00 

PRT3 

1 = W 

10 

1010 

PRZ 

0 

0100 

PR3A 

ACC 






1011 

PRI 

1 

0110 

PR3D 

D 

11111 

R31 

RAM Reg 31 

Instruction 

B/W 

Quad 

Mask (S) 

Source (R) 

Destination 

PRTNR 

0 = B 


1000 

PRA 

ACC 

0100 

PRTA 

ACC 

00000 

NRY 

Y Bus 

1 = W 

11 

1010 

PRZ 

0 

0110 

PRTD 

D 

00001 

NRA 

ACC 




1011 

PRI 

1 





Y BUS AND STATUS - PRIORITIZE INSTRUCTION 


instruction 

Opcode 

B/W 

Y - Bus 

Fiag3 

Flag2 

Flag1 

LINK 

OVR 

N 

c 

z 

PRT1 

PRT2 

PRT3 

PRTNR 

'1 

1 = W 

Yj ^ CODE (SRCn • masi^); 

Ym ^ 0; i = 0 to 4 and n = 0 to 15 
m = 5 to 15 

NC 

NC 

NC 

NC 

0 

U 

0 

u 

0 = B 

Yj ^ CODE (SRCn * maskn): ! 

Ym 0; i = 0 to 2 and n = 0 to 7 
m = 3 to 15 

NC 

NC 

NC 

NC 

0 j 

u 

0 

u 


SRC = Source NC = No Change 1 = Set 

U = Update 0 = Reset i = 0 to 15 when not specified 
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CRC INSTRUCTION 


The CRC (Cyclic-Redundancy-Check) Instructions contain one 
indicator; address of a RAM register to use as the check sum 
register. The CRC Instruction provides a method for generation of 
the check bits In a CRC calculation. Two CRC instructions are 
provided-CRC Forward and CRC Reverse. The reason for pro¬ 
viding two instructions Is that CRC standards do not specify which 
data bit is to be transmitted first, the LSB or the MSB, but they do 
specify which check bit must be transmitted first. Figure 11 illus¬ 
trates the method used to generate these check bits for the CRC 
Forward function and Figure 12 illustrates method used for the 


CRC Reverse function. The ACC serves as a polynomial mask to 
define the generating polynomial while the RAM register holds 
the partial result and eventually the calculated check sum. The 
LINK-bit Is used as the serial input. The serial input combines with 
the MSB of the check-sum register, according to the polynomial 
defined by the polynomial mask register. When the last input bit 
has been processed, the check-sum register contains the CRC 
check bits. The LINK, N and Z bits are affected and the OVR and 
C bits of the Status register are forced to ZERO. 


CYCLIC-REDUNDANCY-CHECK FIELD DEFINITIONS: 

15 14 13 12 9 8 5 4 0 


CRCF 

CRCR 


1 

Quad 

0110 

0011 

RAM Address 


1 

Quad 

0110 

1001 

RAM Address 



Figure 11. CRC Forward Function 


MPR-773 
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CRG INSTRUCTION 



Figure 12. CRC Reverse Function mpr 774 


CYCLIC REDUNDANCY CHECK 


Instruction 

B/W 

Quad 



RAM Address 

CRCF 

1 

10 

0110 

0011 

00000 ROO RAM Reg 00 

11111 R31 RAM Reg 31 

Instruction 

B/W 

Quad 



RAM Address 

1 

CRCR 

1 

10 

0110 

1001 

00000 ROO RAM Reg 00 

11111 R31 RAM Reg 31 


Y BUS AND STATUS - CYCLIC REDUNDANCY CHECK 


Instruction 

Opcode 

B/W 

Y - Bus 

Flags 

Flag2 

Flagi 

LINK 

OVR 

N 

c 

z 

CRCF 


1 - w 

Yj ^ [(QLINK ® RAM 15 ) • ACCj] 

® RAMj _ 1 for i = 15 to 1 

Yq [(QLINK © RAM 15 ) • ACCq] © 0 

NC 

NC 

NC 

RAM 15 * 

0 

U 

0 

u 

CRCR 


1 = w 

Yj <- [(QLINK © RAMo) • ACCj] 

© RAMj + 1 for i - 14 to 0 

Yi5 [(QLINK © RAMo) ’ ACC 15 ] © 0 

NC 

NC 

NC 

RAMo* 

1 

0 

_i 

u 

0 

u 


SRC = Source *QLINK is loaded with the shifted out bit from the checksum register. 

U = Update 
NC = No Change 
0 = Reset 
1 = Set 

i = 0 to 15 when not specified 
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STATUS INSTRUCTIONS 


Status Instructions - The Set Status Instruction contains a single 
Indicator. This indicator specifies which bit or group of bits, con¬ 
tained in the status register (Figure 13), are to be set (forced to 
a ONE). 


7 

6 

5 

4 

3 

2 

1 

0 

Flag3 

Flag2 

Flagi 

LINK ! 

OVR 





MPR-775 

Figure 13. Status Byte 


The Reset Status Instruction contains a single indicator. This 
indicator specifies which bit or group of bits, contained In the 
status register are to be reset (forced to ZERO). 

The Store Status Instruction contains two indicators; byte/word 
and a second indicator that specifies the destination of the status 
register. The Store Status Instruction allows the status of the 
processor to be saved and restored later, which is an especially 
useful function for interrupt handling. 

The status register is always stored in the lower byte of the RAM 
or the ACC register. Depending upon byte or word mode the 
upper byte is unchanged or loaded with all ZEROs respectively. 

The Load Status instructions are included in the single operand 
instruction type. 

The Test Status Instructions contain a single indicator which 
specifies which one of the 12 possible test conditions are to be 
placed on the Conditional-Test output. Besides the eight bits in 
the Status register (QZ, QC, QN, QOVR, QLINK, QFIagI, 
QFIag2, and QFIagS), four^logical functions (QNeQOVR, 
(QN e QOVR) + QZ, QZ + QC and LOW may also be selected. 
These functions are useful in testing results of Two’s Comple¬ 
ment and unsigned number arithmetic operations. The status 
register may also be tested via the bidirectional T bus. The code 
to test the status register via T bus is similar to the code used by 
instruction lines li to I 4 as shown below. Instruction lines Iq - 4 


have priority over T bus for testing the status register on 
CT output. See the discussion on the status register for a full 
description. 


T 4 

T 3 

T2 

Tl 

CT 

(4 

•3 

I 2 

h 

0 

0 

0 

0 

(NeOVR) + Z 

0 

0 

0 

1 

N®OVR 

0 

0 

1 

0 

z 

0 

0 

1 

1 

OVR 

0 

1 

0 

0 

LOW 

0 

1 

0 

1 

C 

0 

1 

1 

0 

Z + C 

0 

1 

1 

1 

N 

1 

0 

0 

0 

LINK 

1 

0 

0 

1 

Flagi 

1 

0 

1 

0 

Flag2 

1 

0 

1 

1 

Flag3 


STATUS: 


15 14 13 12 9 8 5 4 


0 


SETST 

RSTST 

SVSTR 

SVSTNR 


0 

Quad 

1011 

1010 

Opcode 


0 

Quad 

1010 

1010 

Opcode 


B/W 

Quad 

0111 

1010 i 

RAM Address/Dest 


B/W 

Quad 

0111 

1010 

Destination 


STATUS INSTRUCTIONS 


Instruction 

B/W 

Quad 



Opcode 1 






00011 

SONCZ 

Set OVR, N, C, Z 






00101 

SL 

Set LINK 

SETST 

0 

11 

1011 

1010 

00110 

SFI 

Set Flagi 






01001 

SF2 

Set Flag2 






01010 

SF3 

Set Flag3 

Instruction 

B/W 

Quad 



Opcode 






00011 

RONCZ 

Reset OVR, N, C, Z 






00101 

RL 

Reset LINK 

RSTST 

0 

11 

1010 

1010 

00110 

RF1 

Reset Flagi 






01001 

RF2 

Reset Flag2 






01010 

RF3 

Reset Flags 

instruction 

B/W 

Quad 



RAM Address/Dest 

SVSTR 

0= B 

10 

0111 

1010 

00000 

ROO 

RAM Reg 00 


1 = W 




11111 

R31 

RAM Reg 31 






Destination 

SVSTNR 

0 = B 

1 = W 

11 

0111 

1010 

00000 

00001 

NRY 

NRA 

Y Bus 

ACC 
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STATUS INSTRUCTIONS 


Instruction 

B/W 

Quad 



Opcode (CT) 







TNOZ 

Test (N 0 OVR) + Z 







TNO 

Test N®OVR 







TZ 

Test Z 







TOVR 

Test OVR 






01000 

TLOW 

Test LOW 

Test 

0 

11 


1010 

01010 

TC 

Test C 






01100 

TZC 

Test Z + C 






OHIO 

TN 

Test N 







TL 

Test LINK 







TF1 

Test Flagi 






10100 

TF2 

Test Flag2 

_1 


_I 



10110 

TF3 

Test Flag3 


Note: lEN • test status instruction has priority over T 1.4 instruction. 


Y BUS AND STATUS ~ FOR STATUS INSTRUCTIONS 


Instruction 

Opcode 

Description 

B/W 

Y - Bus 

Flags 

Flag2 

Flagi 

LINK 

OVR 

N 

c 

Z 

SETST 

SONCZ 

Set OVR, N, C, Z 

0 = B 

Yj 1 for i = 0 to 15 

NC 

NC 

NC 

NC 

1 

1 

1 

1 

SL 

Set LINK 

NC 

NC 

NC 

1 

NC 

NC 

NC 

NC 

SF1 

Set Flagi 

NC 

NC 

1 

NC 

NC 

NC 

NC 

NC 

SF2 

Set Flag2 

NC 

1 

NC 

NC 

NC 

NC 

NC 

NC 

SF3 

Set Flags 

1 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

RSTST 

1 

RONCZ 

Reset OVR, N, C, Z 

0 = B 

Yi <- 0 for i = 0 to 15 

NC 

NC 

NC 

NC 

0 ' 

0 

0 

0 

RL 

Reset LINK 

NC 

NC 

NC 

0 

NC 

NC 

NC 

NC 

RF1 

Reset Flagi 

NC 

NC 

0 

NC 

NC 

NC 

NC 

NC 

RF2 

Reset Flag2 

NC 

0 

NC 

NC 

NC 

NC 

NC 

NC 

RF3 

Reset Flags 

0 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

SVSTR 

SVSTNR 


Save Status* 

0 = B 

1 = W 

Yj ♦- Statusj for i = 0 to 7; 

Yj 0 for i = 8 to 15 

NC : 

NC 

NC 

NC 

NC 

_J 

NC 

NC 

NC 


SRC = Source 
U = Update 
NC = No Change 
0 = Reset 
1 = Set 

i = 0 to 15 when not specified 


•In byte mode only the lower byte from the Y bus is loaded into the RAM or ACC and in word mode all 16-bits from the Y bus are loaded into the RAM or ACC. 

Y BUS AND STATUS - FOR STATUS TEST INSTRUCTIONS 


Instruction 

Opcode 

Description 

B/W 

Y - Bus 

Flag3 

Flag2 

Flagi 

LINK 

OVR 

N 

c 

z 


TNOZ 

Test (N0OVR) Z 

0 = B 

♦ 

, NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


TNO 

Test N ©OVR 



NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


TZ 

Test Z 



NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


TOVR 

Test OVR 



NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


TLOW 

Test LOW 



NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

Test 

TC 

Test C 



NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


TZC 

Test Z + C 



NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


TN 

Test N 



NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC . 


TL 

Test LINK 



NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


TF1 

Test Flagi 



NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


TF2 

Test Flag2 



NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


TF3 

Test Flags 












*Y-Bus is undefined 


SRC = Source 
U = Update 
NC = No Change 
0 = Reset 
1 = Set 

i = 0 to 15 when not specified 
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NO-OP INSTRUCTION 

The NO-OP Instruction has a fixed 16-bit code. This instruction 
does not change any interna! registers in the Am29116. It pre¬ 
serves the status register, RAM register and the ACC register. 


NO-OP INSTRUCTION 


Instruction 

B/W 

Quad 




NOOP 

0 

11 

1000 

1010 

00000 


Y BUS AND STATUS - NO-OP INSTRUCTION 


Instruction 

Opcode 

B/W 

Y - Bus 

Flags 

Flag2 

Flagi 

LINK 

OVR 

N 

D 

B 

NOOP 


0 = B 

* 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


SRC = Source *Y-Bus is undefined. 

U = Update 
NC = No Change 
0 = Reset 
1 = Set 

i = 0 to 15 when not specified 


NO OPERATION FIELD DEFINITION: 

15 14 13 12 9 8 5 4 


NOOP 


0 

11 

1000 

1010 

00000 
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SUMMARY OF MNEMONICS 


Instruction Type 


SOR 

Single Operand RAM 

SONR 

Single Operand Non-RAM 

TORI 

Two Operand RAM (Quad 0) 

TOR2 

Two Operand RAM (Quad 2) 

TONR 

Two Operand Non-RAM 

SHFTR 

Single Bit Shift RAM 

SHFTNR 

Single Bit Shift Non-RAM 

ROTR1 

Rotate n Bits RAM (Quad 0) 

ROTR2 

Rotate n Bits RAM (Quad 1) 

ROTNR 

Rotate n Bits Non-RAM 

BOR1 

Bit Oriented RAM (Quad 3) 

BOR2 

Bit Oriented RAM (Quad 2) 

BONR 

Bit Oriented Non-RAM 

ROTM 

Rotate and Merge 

ROTC 

Rotate and Compare 

PRT1 

Prioritize RAM; Type 1 

PRT2 

Prioritize RAM; Type 2 

PRT3 

Prioritize RAM; Type 3 

PRTNR 

Prioritize Non-RAM 

CRCF 

Cyclic Redundancy Check Forward 

CRCR 

Cyclic Redundancy Check Reverse 

NOOP 

No Operation 

SETST 

Set Status 

RSTST 

Reset Status 

SVSTR 

Save Status RAM 

SVSTNR 

Save Status Non-RAM 

TEST 

Test Status 

SOURCE AND DESTINATION 

Single Operand 

SORA 

Single Operand RAM to ACC 

SORY 

Single Operand RAM to Y Bus 

SORS 

Single Operand RAM to Status 

SOAR 

Single Operand ACC to RAM 

SODR 

Single Operand D to RAM 

SOIR 

Single Operand 1 to RAM 

SOZR 

Single Operand 0 to RAM 

SOZER 

Single OjDerand D(0E) to RAM 

SOSER 

Single Operand D(SE) to RAM 

SORR 

Single Operand RAM to RAM 

SOA 

Single Operand ACC 

SOD 

Single Operand D 

SOI 

Single Operand 1 

SOZ 

Single Operand 0 

SOZE 

Single Operand D(0E) 

SOSE 

Single Operand D(SE) 

NRY 

Non-RAM Y Bus 

NRA 

Non-RAM ACC 

NRS 

Non-RAM Status 

NRAS 

Non-RAM ACC, Status 

Two Operand 

TORAA 

Two Operand RAM, ACC to ACC 

TORIA 

Two Operand RAM, 1 to ACC 

TODRA 

Two Operand D, RAM to ACC 

TORAY 

Two Operand RAM, ACC to Y Bus 

TORIY 

Two Operand RAM, 1 to Y Bus 

TODRY 

Two Operand D, RAM to Y Bus 

TORAR 

Two Operand RAM, ACC to RAM 

TORIR 

Two Operand RAM, 1 to RAM 

TODRR 

Two Operand D, RAM to RAM 

TODAR 

Two Operand D, ACC to RAM 

TOAIR 

Two Operand ACC, 1 to RAM 


Two Operand D, I to RAM 
Two Operand D, ACC 
Two Operand ACC, I 
Two Operand D, I 

Single Bit Shift 

SHRR Shift RAM, Store in RAM 

SHDR Shift D, Store in RAM 

SHA Shift ACC 


SHD 

Shift D 

Rotate n Bits 

RTRA 

Rotate RAM, Store in ACC 

RTRY 

Rotate RAM, Place on Y Bus 

RTRR 

Rotate RAM, Store in RAM 

RTAR 

Rotate ACC, Store in RAM 

RTDR 

Rotate D, Store in RAM 

RTDY 

Rotate D, Place on Y Bus 

RTDA 

Rotate D, Store in ACC 

RTAY 

Rotate ACC, Place on Y Bus 

RTAA 

Rotate ACC, Store in ACC 

Rotate and Merge 

MDAI 

Merge Disjoint Bits of D and ACC Using 

1 as Mask and Store in ACC 

MDAR 

Merge Disjoint Bits of D and ACC Using 
RAM as Mask and Store in ACC 

MDRI 

Merge Disjoint Bits of D and RAM Using 

1 as Mask and Store in RAM 

MDRA 

Merge Disjoint Bits of D and RAM Using 
ACC as Mask and'Store in RAM 

MARI 

Merge Disjoint Bits of ACC and RAM 

Using 1 as Mask and Store in RAM 

MRAI 

Merge Disjoint Bits of RAM and ACC 

Using 1 as Mask and Store in ACC 

Rotate and Compare 

CDAI 

Compare Unmasked Bits of D and ACC 
Using 1 as Mask 

CDRI 

Compare Unmasked Bits of D and RAM 
Using 1 as Mask 

CDRA 

Compare Unmmasked Bits of D and RAM 
Using ACC as Mask 

CRAI 

Compare Unmasked Bits of RAM and ACC 
Using 1 as Mask 

Prioritize 

PR1A 

ACC as Destination for Prioritize Type 1 

PR1Y 

Y Bus as Destination for Prioritize Type 1 

PR1R 

RAM as Destination for Prioritize Type 1 

PRT1A 

ACC as Source for Prioritize Type 1 

PR1D 

D as Source for Prioritize Type 1 

PR2A 

ACC as Destination for Prioritize Type 2 

PR2Y 

Y Bus as Destination for Prioritize Type 2 

PR3R 

RAM as Source for Prioritize Type 3 

PR3A 

ACC as Source for Prioritize Type 3 

PR3D 

D as Source for Prioritize Type 3 

PRTA 

ACC as Source for Prioritize Type 

Non-RAM 

PRTD 

D as Source for Prioritize Type Non-RAM 

PRA 

ACC as Mask for Prioritize Type 2, 3, 
and Non-RAM 


Mnemonics copyright © 1980 Advanced Micro Devices, Inc. 


TODIR 

TODA 

TOAI 

TODI 
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SUMMARY OF MNEMONICS 


PRZ 

Mask Equal to Zero for Prioritize Type 

LD2NA 

Load 2^ into ACC 


2, 3, and Non-RAM 

LDC2NA 

Load 2n into ACC 

PRI 

I as Mask for Prioritize Type 2, 3, and 

LD2NY 

Place 2n on Y Bus 


Non-RAM 

LDC2NY 

Place 2^ on Y Bus 

OPCODE 


Bit Oriented 


Addition^ 


SETNR 

Set RAM, Bit n 

ADD 

Add without Carry 

SETNA 

Set ACC, Bit n 

ADDC 

Add with Carry 

SETND 

Set D, Bit n 

A2NA 

Add 2n to ACC 

SONCZ 

Set OVR, N, C, Z, in Status Register 

A2NR 

Add 2n to RAM 

SL 

Set LINK Bit in Status Register 

A2NDY 

Add 2n to D, Place on Y Bus 

SF1 

Set Flag1 Bit in Status Register 



SF2 

Set Flag2 Bit in Status Register 

Subtraction 


SF3 

Set Flag3 Bit in Status Register 



RSTNR 

Reset RAM, Bit n ^ 

SUBR 

Subtract R from S without Carry 

RSTNA 

Reset ACC, Bit n 

SUBRC 

Subtract R from S with Carry 

RSTND 

Reset D, Bit n 

SUBS 

Subtract S from R without Carry 

RONCZ 

Reset OVR, N, C, Z, in Status Register 

SUBSC 

Subtract S from R with Carry 

RL 

Reset LINK Bit in Status Register 

S2NR 

Subtract 2n from RAM 

RF1 

Reset Flagi Bit in Status Register 

S2NA 

Subtract 2^ from ACC 

RF2 

Reset Flag2 Bit in Status Register 

S2NDY 

Subtract 2^ from D, Place on Y Bus 

RF3 

Reset Flag3 Bit in Status Register 



TSTNR 

Test RAM, Bit n 

Logical Operations 

TSTNA 

Test ACC, Bit n 

AND 

Boolean AND 

TSTND 

Test D, Bit n 

NAND 

Boolean NAND 



EXOR 

Boolean EXOR 

Arithmetic Operations 

NOR 

Boolean NOR 

MOVE 

Move and Update Status 

OR 

Boolean OR 

COMP 

Complement (1’s Complement) 

EXNOR 

Boolean EXNOR 

INC 

Increment 



NEC 

Two’s Complement 

SHIFTS 




SHUPZ 

Shift Up Towards MSB with 0 Insert 

Conditional Test 

SHUP1 

Shift Up Towards MSB with 1 Insert 

TNOZ 

Test (NeOVR) + Z 

SHUPL 

Shift Up Towards MSB with LINK Insert 

TNO 

Test Ne OVR 

SHDNZ 

Shift Down Towards LSB with 0 Insert 

TZ 

Test Zero Bit 

SHDN1 

Shift Down Towards LSB with 1 Insert 

TOVR 

Test Overflow Bit 

SHDNL 

Shift Down Towards LSB with LINK Insert 

TLOW 

Test for LOW 

SHDNC 

Shift Down Towards LSB with Carry Insert 

TC 

Test Carry Bit 

SHDNOV 

Shift Down Towards LSB with Sign EXOR 

TZC 

Test Z + C 


Overflow Insert 

TN 

Test Negative Bit 



TL 

Test LINK Bit 

Loads 


TF1 

Test Flagi Bit 

LD2NR 

Load 2n into RAM 

TF2 

Test Flag2 Bit 

LDC2NR 

Load 2^ into RAM 

TF3 

Test Flag3 Bit 



Mnemonics 

copyright © 1980 Advanced Micro Devices, Inc. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 

Am29116 

Storage Temperature 

-65to+150°C 

Temperature (Case) Under Bias 

-55to+125°C 

Supply Voltage to Ground Potential 

-0.5to+7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5V to Vcc max 

DC Input Voltage 

-0.5 to +5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

-30 to +5.0mA 


OPERATING RANGE 


p/n 

Range 

Temperature 


Vcc 

AM29116DC, DCB 

Commercial 

Ta = 0 to +70°C 

Vcc = 5.0V ±5% 

(MIN = 4.75V, MAX = 5.25V) 

AM29116DM, DMB 

Military 

Tc = -55to+125°C 

Vcc = 5.0V ±10% 

(MIN = 4.50V, MAX = 5.50V) 


Vcc and ground pin connections 



Notes: 1. All Vqc and all GND pins must be connected as shown. Offsets between any two Vcc pins or between any two GND pins should be avoided. 

2. Ci = 1.0AtF,C2 = 0.01/xF. 

The Ci and C 2 capacitors should be used to shunt low- and high-frequency noise from Vcc- Do not replace with one capacitor. 
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DC CHARACTERISTICS OVER OPERATING RANGE 


Typ" 

Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units 


VoH 

Output HIGH Voltage 

Vcc=MIN 

ViN= V|H orV|L 

Yo-15 

Ti-4 

CT 

•oh 

-1.6mA, COM’L 
-1.2mA, MIL 

2.4 

2.4 



Volts 

VoL 

Output LOW Voltage 

Vec = MIN 

V|N = V|H orViL 

Yo-15 

Ti-4 

CT 

Iql (COM’L/MIL) 
16mA/12mA 



0.5 

Volts 

V|H 

Guaranteed Input Logical 

HIGH Voltage (Note 6) 


All Inputs 





Volts 

V|L 

Guaranteed Input Logical 

LOW Voltage (Note 6) 


All Inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc=MIN 

All Inputs 



-1.5 

Volts 

i|L 

Input LOW Current 

Vec = MAX 

V|N = 0.5 Volts 
(Note 4) 

1 

lEN 

SRE 

DLE 

lo-4 

► 



-0.50 

-0.50 

-1.00 

-1.00 

-0.50 

-0.50 

-0.50 

-1.50 

-0.55 

-0.55 

mA 

i|H 

Input HIGH Current ^ 


! lo-4 
! *5-15 

OEt 

OEy 

CP 

Yi-4 

Yo-15 




50 

50 

100 

100 

50 

50 

50 

150 

100 

100 



Input Hl^^^r^B 

Vec = max 

V,N = 5.5 Volts 

All Inputs 




1.0 

mA 

•OZH 

Off State (H^^topedance) 
Output CurreiT^^ 

Vcc=MAX 

Vo = 2.4 Volts (Note 4) 

T,_4 

Yo-15 




100 

/xA 

•OZL 

Off State (HIGH Impedance) 
Output Current 

Vec = max 

Vo= 0.5 Volts (Note 4) 

Ti-4 

Yo-15 




-550 

mA 

*08 

Output Short Circuit Current 

Vcc= max+ 0.5 Volts 
Vo= 0.5 Volts (Note 3) 



-30 

. '..1 

-85 

mA 

•cc 

Power Supply Current 
(Notes) 

Vbc = MAX 


Ta = 25°C 


595 


mA 

COM’L 

TA=0to70°C 
(Note 7) 



735 

Ta = 70°C 



535 

MIL 

Tc= -55to125°C 
(Note 7) 



745 

Tc= 125"C 



485 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Range for the applicable device type. 

2. Typical limits are at V^c = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Yo_i 5 , Ti _4 are three-state outputs internally connected to TTL inputs. Input characteristics are measured under conditions such that the 
outputs are In the OFF state. 

5. Worst case Ice is at minimum temperature. 

6. These input levels provide zero noise immunity and should be tested only in a static, noise-free environment. 

7. Cold start. ' 
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SWITCHING CHARACTERISTICS 

The tables below define the Am29116 switching characteristics. All measurements are made at 1.5V with input levels at OV or 3V. All 
values are in nsec. All outputs have maximum DC loading. 

TYPICAL ROOM TEMPERATURE CHARACTERISTICS 

(Ta = 25°C; Vcc = 5.0V, Cl = 50pF) 


A. Combinational Delays (nsec) 



Outputs 


Yo-15 

Ti_4 

CT 


Io-4(ADDR) 

55 

56 

- 


lo-15 (DATA) 

55 

56 

- 


lo-i5 (INSTR) 

55 

56 

. 29 

Input 

DLE 

37** 

39 

- 


Ti-4 

- 

- 

25 


CP 

40 

40 

24 


Yo-15 

37** 

39* 

- 


lEN 

- 

- 

27 


B. Enable/Disable Times (nsec) 
(Cl = 5pF for disable only) 




Enable 

Disable 

From Input 

To Output 

tpZH^tpzL 

tPHZ 

tPLZ 


Yo-15 


18 

13 




22 

18 


C. Cli 


lirements (nsec) 


*Yo -15 must be stored in the Data Latch and its source disabled before, 
the delay to Yo_i 5 as an output can be measured. 

•’Guaranteed indirectly by other tests. 


D. Setup and Hold Times (nsec) 


Input 


With Respect to 


lo_4 (RAM ADDR) 


lo_4 (RAM ADDR) 


I0_15 (DATA) 


lo_i5 (INSTR) 


lEN HIGH 


lEN LOW 




nnv 


Min High Time 

m W 

^ - 

10 

8 

mw _^_J 

10 

lli^l 

10 

- 


SRE 


DLE 


CP 


CP 


DLE 


CP 


(ts3) 27 


(ts5) 10 


(ts6) 5 


Low-to-HIgh 

Transition 

Setup Hold 


Do Not Change 


(W'^O 


(the) 2 


(ts8) 45 


(ts9) 45 


(ts1l)11 


(ts12) 7 


(ts13) 29 


(tsi4) 30 


(th7) 0 


(the) 0 


(th9) 0 


(th10) 0 


( th1l)''"'’0 


(th12) 0 


(this) 0 


(thl4) 0 


Comment 


Single ADDR 
(Source) 


Two ADDR 
(Destination) 


Disable 


Enable 


Immediate 
first cycle 


tTiming for immediate instruction for the first cycle, 
ttstatus register and accumulator destination only. 
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SWITCHING CHARACTERISTICS (Cont.) 


PRELIMINARY CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 

(Ta = 0 to +7(fC, Vcc = 4.75 to 5.25V, Cl = 50pF) 


A. Combinational Delays (nsec) 



Outputs 


Yo-15 

Ti-4 

CT 


lo -4 (ADDR) 

79 

84 

- 


lo -15 (DATA) 

79 

84 

- 


Io-15(INSTR) 

79 

84 

48 

Input 

DLE 

58** 

60 

- 


Ti_4 


- 

39 


CP 

56 

62 

36 


Yo-15 

62** 

64* 

- 


lEN 

_i 

- 

43 


B. Enabie/Disable Times (nsec) 
(Cl = 5pF for disable only) 


From Input 

To Output 

Enable 

Disable 

tpzH 


tpHZ 

tpLZ 


Yo-15 

20 ^ 

. m 

20 

20 

OEy 

Ti_4 


25 

25 


C. Clocks 


Buis 


Rents (nsec) 


*Yo_i 5 must be stored in the Data Latch and is source disabled before 
the delay to Yq-is as an output can be measured. 

**Guaranteed indirectly by other tests. 

D. Setup and Hold Times (nsec) 


La 


Min High Time 



30 

m 

^ - ! 

15 


r 22 I 

- 


Input 

With Respect to 

MHiMiTr*. 

Low-to-High 

Transition 

Setup Hold 

Comment 

lo-4 (RAM ADDR) 

CP ^ 


F 

(thl) 0 

- 

- 

Single ADDR 
(Source) 

lo-4 (RAM ADDR) 




Do Not Change 

(th7) 0 

Two ADDR 
(Destination) 

lo-15 (DATA) 



- 

(tse) 65 

(the) 0 


Io-i5(INSTR) 


{ts3)38t 

(th3)^17 

(ts9) 65 

(th9) 0 


Jen HIGH 


(ts4) 10 

- 

- 

(th10) 0 

Disable 

lEN LOW 

CP 

- 

(ts5) 20 

- 

(W^o 

. 

(ts1l) 22 

- 

('hii)+'^o 


Enable 

Immediate 
first cycle 

SRE 

CP 

- 


(ts12) 17 

(th12) 0 


Y 

CP 

- 

- ■ 

(ts13) 44 

(this) 0 


Y 

DLE 

(ts6)10 ■ 

(the) 6 

- 

- 


DLE 

CP 

- 

- 

(ts14) 42 

(th14)0 



‘1‘Timing for immediate instruction fpr the first cycle. 

Status register and accumulator destination only. 

Notes on Testing 

Incoming test procedures on this device should be carefully 

planned, taking into accourit the high complexity and power 

levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
cause erroneous function failures due to Vcc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance In the ground 
cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 


4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
V|L ^ 0.4V and V|h ^ 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation 
on our test procedures and, in most cases, can provide 
Fairphild Sentry programs, under license. 
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SINGLE ADDRESS ACCESS TIMING 


Am29116 



DOUBLE ADDRESS ACCESS TIMING 



MPR-838 
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Am29116 


CONNECTION DIAGRAM 
Top View 


•wCZ 
Had 
>12 d 
>11 d 
>10 d 

>9 
>8 
«7 

'sd 
GNOd 
Vccd 

>4 

•ad 
•ad 
'id 
>0 

CP d 

1lNd 
SRE I 
CTd 

OEt [ 

T4 [ 

Ta [ 

GND [J 25 

T2 r|26 


□ •is 

□ Vo 

□ "1 

□ V2 

□ Y3 

Z]Y4 

13 Ys 

□ Ye 
;□ GND 

Z3 

Z]Y, 

HI Ycc 
Z3 Ycc 
Z3Y8 
13 Y9 
Z3 Yio 
H] dle 

I GND 
Z]Y„ 

II3 Yi2 
13 Yi3 

Z!y, 4 
d Yi5 
13 NC \ 
13 NC / 
13^1 


Note: Pin 1 is marked for orientation. 


METALLIZATION AND PAD LAYOUT 



>3 

>2 


CT 

OEt 

T4 

T3 


GND 

^2 


Y11 

GND 

DLE 

Yio 

Yg 

Yo 

Ycc 


ORDERING INFORMATION 

Order the part number according to the table below to obtain 
the desired package, temperature range, and screening level. 


Am29116 

Order Number 

Package Type ^ 

(Note 1) 

Operating Range 
(Note 2) 

Screening Level 
(Note 3) 

AM29116DC 

D-52 

C 

C-1 

AM29116DC-B 

D-52 

C 

B-2 (Note 4) 

AM29116DM 

D-52 

M 

C-3 

AM29116DM-B 

D-52 

M 

B-3 

AM29116XC 

Dice 

C 

\ Visual inspection 

AM29116XM 

Dice 

M 

Ito MIL-STD-883 

J Method 201 OB. 


Notes: 1. P = K/Iolded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix 
B for detailed outline. Where Appendix B contains several dash numbers, any of the variations of the 
package may be used unless otherwise specified. 

2. C = 0 to +70°C, Vcc = 4.75 to 5.25V. 

M = -55 to +125°C, Vcc = 4.50 to 5.50V. 

3. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 

4. 96 hour burn-in. 
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Am29116 


THE USE OF AN EXTERNAL STATUS REGISTER 
IN REDUCING MICROCYCLE LENGTH 

The standarcl connection of the CT pin of the Am29116 and 
microcycle length calculation arising from that connection are 
shown below: 


CRITICAL PATH TIMING (Figure A) 


Part Number 

Path 

Maximum 
Commercial 
Delay (ns) 

Pipeline Register 

CP-^Q 

12 

Am29116 

T-^CT 

39 

Fast MUX 

SELorDiN^ Y 

20 

Am2910-1 

CC-^ Y 

30 

Am27S35 
(Registered PROM) 

PROM access time and 
Pipeline Register Setup 

40 



141 


While 141 ns cycle is quite fast, it can be improved by using an external 
register for status testing. 


CRITICAL PATH TIMING (Figure B) 


Part Number 

Path 

Maximum 
Commercial 
Delay (ns) 

Am298XX 

Status Register 

CP^ Y 

12 

Fast MUX 

SELorD,N-^Y 

20 

Am2910-1 

CC-^ Y 

30 

Am27S35 

PROM Access Time 

40 



102 


The cycle time has been reduced from 141 to 102ns. 



Figure A. 



CONTROL 

SIGNALS 


Figure B. 
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Ann29116 System Cycle Times 


Based on the preliminary commercial AC timing for the 29116, 
system microcycle times are estimated and included in the next 
few pages. Several observations can be made as follows: 


1. The data path microcycle is roughly 110ns (even for Y-bus 
Input/output In a siingle cycle). This will increase if external 
multiplexers (e.g., for 2 address, N-count register) or other 
system glues are used. 

2. The control path is the system bottleneck. 

a. If CT from the 29116 is used, cycle time will be in the 
169ns (2910) range. 


SYSTEM BLOCK DIAGRAM 



MPR-859 


b. A lookahead scheme (placing a flip-flop in front of the 
sequencer CC input), will decrease the cycle time. This 
causes conditional branches to have different test condi¬ 
tion setup requirements (single cycle for simple status, 
two cycles for a complex test), which is undesirable for 
most applications. 

c. The sensible way is to use an external status register 
and a 2925 at maximum speed (31MHz) for variable 
cycle control. For example, in a 2910-1 system, one can 
switch between divide by 4 and by 5, to get 132 and 
165ns cycle respectively for conditional branch using 
status register ahd CT from 29116. 


DATA PATH TIMING ANALYSIS 
I. Without Any External Logic 


a. Pipeline Register 

(29821) CP-Q 

12ns 

RALU 

(29116) I-Ti_4 

84 

Status Register 

(29821) Setup 

4 



100ns 

b. Pipeline Register 

(29821) CP-Q 

12ns 

RALU 

(29116) l-Y 

79 

Data Register 

(29821) Setup 

4 



95ns 

II. With Multiplexers for Address, N-Count, etc. 

a. Pipeline Register 

(29821) CP-Q 

12ns 

Multiplexer 

(SI 57) Sel-Y 

20 

RALU 

(29116) I-Ti_4 

84 

Status Register 

(29821) Setup 

4 



120ns 

b. Pipeline Register 

(29821) CP-Q 

12ns 

Multiplexer 

(SI 57) Sel-Y 

20 

RALU 

(29116) l-Y 

79 

Data Register 

(29821) Setup 

4 



115ns 

III. Using Y-Bus as Input/Output in One Cycle 


a. Pipeline Register 

(29821) CP-Q 

12ns 

Decoder 

(2924) Sel-Y 

12 

Source Select 

(2918) OE-Y 

19 

RALU 

(29116) Y,n-YouT 

62 

Destination 

(29821) Setup 

4 

109ns 


6LE can go LOW 10ns after data is valid on Y-bus (i.e., 53ns 
after CPt). OEy should go LOW before 80ns from CPt- 
Theref ore a 50% duty cycle clock will work at 110ns with DLE 
tied to OEy to CP. 
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Am29116 System Cycle Times 


CONTROL PATH TIMING ANALYSIS 





Am2910 

Am2910-1 

Type 

1 . 

Pipeline Register (29821) 

CP-Q 

12 

12 



Mapping PROM (27S190A) 

tAA 

35 

35 



Sequencer 

D-Y 

20 

20 

Branch Map 


Control Memory 

tAA 

40 

40 

Non-Relative 


Pipeline Register (29821) 

Setup 

4 

4 



Cycle Time: 


111 

111 


II. 

Pipeline Register (29821) 

CP-Q 

12 

12 



Buffer Enable (2959) 

OE-Y 

20 

20 



Sequencer 

D-Y 

20 

20 

Relative 


Control Memory 

tAA 

40 

40 

Branch 


Pipeline Register (29821) 

Setup 

4 

4 



Cycle Time: 


96 

96 


III. 

Pipeline Register (29821) 

CP-Q 

12 

12 



RALU (Am29116) 

1, T-CT 

48 

48 



CC-MUX (Am2923) 

D-W 

12 

12 

Conditional 


Polarity (74S86) 

D-Y 

11 

11 

Branch 


Sequencer 

CC-Y 

43 

30 

Using CT 


Control Memory 

tAA 

40 

40 

from 29116 


Pipeline Register (29821) 

Setup 

4 

4 



Cycle Time: 


170 

157 


IV. 

Pipeline Register (29821) 

CP-Q 

12 

12 



CC-MUX (2923) 

Sel-W 

20 

20 



Polarity (74S86) 

D-Y 

11 

11 

Conditional 


Sequencer 

CC-Y 

43 

30 

Branch Using 


Control Memory 

tAA 

40 

40 

External Status 


Pipeline Register (29821) 

Setup 

4 

4 

Register 


Cycle Time: 


130 

117 


V. 

Pipeline Register (29821) 

CP-Q 

12 

12 



Sequencer 

l-Y 

70 

50 

Instruction to 


Control Memory 

tAA 

40 

40 

Output Path 


Pipeline Register (29821) 

Set-up 

4 

4 



Cycle Time: 


126 

106 


VI. 

Sequencer 

CP-Y 

125 

85 



Control Memory 

tAA 

40 

40 

Clock to 


Pipeline Register 

Setup 

4 

4 

Output Path 


Cycle Time: 


169 

129 
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Bipolar VLSI builds 1 
16 >bit controller 

peripherals at once I 


Speciai-purpose microprocessor has 
conlroiter insiruclion set in microcode, 
mahlptitates three operands In one cycle 




□ In the last decade, peripheral controllers have evolved 
from little more than simple input/output ports into 
highly sophisticated dedicated processors that command 
the level of performance necessary for handling high 
data rates. They also must now provide intelligent pre- 
and post-processing of data to offload from the host 
computer the specialized tasks intelligent controllers per¬ 
form. 

Recognizing the need for such a processor. Advanced 
Micro Devices has combined its proprietary Imox pro¬ 
cessing technology with a bipolar circuit design of scaled 
emitter-coupled logic based on very large-scale integra¬ 
tion to produce the Am29116 16-bit bipolar micropro¬ 
cessor. The largest and the most complex bipolar device 
ever produced, the 29116 has an architecture and an 
instruction set specifically designed for high-perform¬ 
ance, intelligent peripheral controllers. The high per¬ 
formance is a result of its unique architecture, micropro- 
grammable instruction set, and processing technology; 
its requisite high speed is achieved by designing the part 
in ECL with TTL-compatible levels at the pins (see “What 
is microprogramming?” p. 100). 

The instruction set of the 29116 has extensive data 
and bit manipulation capability to mask, rotate-and- 
merge, or rotate-and-compare, data in one microcycle— 
functions that are useful for field extraction, field inser¬ 
tion, and data alignment, which are frequently encoun¬ 
tered in controllers. The architecture provides flexibility 
and parallelism in the data paths so that the device can 
perform in one microcycle a complex function that 
would take other processors several cycles to execute. 
One such feature is the barrel shifter, which rotates a 
16-bit word by up to 15 places in one microcycle before 
the arithmetic operation is performed. The part also has 
an on-chip priority encoder and cyclic-redundancy¬ 


checking logic for specialized functions. 

Created for a microprogrammed environment, the 
29116 gives the user the flexibility to tailor the controller 
architecture for a specific application. MOS microproces¬ 
sors, with their fixed architecture and instruction set, are 
limited in this respect. The performance is at least an 
order of magnitude higher than that of any available 
MOS device (see “Imox: a union of TTL and ECL,” 
p. 102): 

The 52-pin device has a microcycle time of 100 nano¬ 
seconds. In one cycle, the three-input arithmetic-and- 
logic unit operates on one, two, or three operands, while 
the barrel shifter is rotating one of the operands before it 
is used for an operation. The part also has a single-port 
register file that is 32 words deep by 16 bits wide and a 
dedicated accumulator to store temporary results. In this 
way, the advantages of both register-based and accumu¬ 
lator-based machines can be obtained (Fig. 1). 

Bidirectional busing 

The bidirectional 16-bit Y-bus is the primary oflf-chip 
data input and output port. The 16-bit D-latch at the 
input allows the data to be presented directly to the ALU, 
or be latched and used in the next cycle. This latch can 
thus be used as a pipeline for prefetching data while the 
ALU is performing a different function. It is also possible 
to bring data onto the chip on the Y-bus, perform some 
function on it, and then send it out again on the same bus 
without even having to store it. 

The priority encoder generates a binary coded num¬ 
ber, indicating the most significant bit in the operand 
that is a one. This special-purpose hardware module 
saves a significant amount of time, since a subroutine is 
ordinarily required to perform this often-used operation. 

The status register is clocked with the ALU every cycle 
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and can even contain user-defined status bits whose 
function is defined by the microcode. Using microin¬ 
structions, it is also possible to provide a condition-test 
output based on the status. The bidirectional T-bus, 
when used as an input, exploits the device’s parallelism 
further by allowing the user to select a condition for 
branching, while simultaneously executing an instruction 
in the ALU. The user can also select separate read and 
write addresses for the same instruction in both the byte 
and 16-bit word modes. 

In addition to having full-carry lookahead across all 
16 bits, the ALU executes all the conventional one- and 
two-operand instructions, such as move, complement, 2’s 
complement, add, subtract, AND, NAND, OR, NOR, exclu- 
sive-OR, and exclusive-NOR. 

Masking in a microcycle 

Where the 29116 departs from convention is in its 
ability to operate on three operands simultaneously in a 
single microcycle. Thus a bit field can be selected from 
the two data operands with a masking operand all in a 
single microcycle. 

The ALU produces three status outputs: overflow, neg¬ 
ative, and carry. The zero flag, although not generated 
by the ALU, detects zero at both the byte and word level. 
The carry input to the ALU selects an input of 0, 1, or the 
stored carry bit from the status register, QC. Using QC as 
the carry input allows efficient execution of multipreci¬ 
sion addition and subtraction. 

The condition-code generator contains the logic neces¬ 
sary to develop the 12 condition-code test signals. The 
condition-code multiplexer selects one of these test sig¬ 
nals and places it on the CT condition-test output for use 


by the microprogram sequencer. The multiplexer may be 
addressed in two different ways. In the first, a test 
instruction specifies the test condition to be placed on the 
CT output but does not allow an ALU operation at the 
same time. The second method uses the bidirectional 
T-bus as an input, which requires extra microcode but 
lets the controller simultaneously test and execute. 

Specialized instructions 

Immediate instructions are executed in two clock 
cycles. During the first clock cycle, the instruction 
decoder recognizes that an immediate instruction is 
being specified and captures the data on the inputs in the 
instruction latch. In the second clock cycle, the data on 
the instruction inputs is used as one of the operands for 
the function specified during the first clock cycle. At the 
end of the second clock cycle, the instruction latch is 
returned to its transparent state. 

Since the 29116 is optimized for intelligent control¬ 
lers, it has extensive bit manipulation instructions oper¬ 
ating in either the byte or the word mode. These instruc¬ 
tions allow operations such as setting, resetting, and 
testing of any particular bit without affecting the rest of 
the bits. Single-bit masks can also be created, such as a 
single I in a field of Os or a single 0 in a field of Is in a 
single microcycle. In addition, the instructions can gen¬ 
erate memory addresses in powers of 2 by incrementing 
or decrementing a number by 2", where n can vary from 
0tol5. 

The rotate-by-n instruction uses the barrel shifter with 
n specifying the number of bit positions the source is to 
be rotated. In the word mode, a specified number of bits 
are wrapped around over the 16-bit boundary; in the 
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1. Nov«i architecture. The arithmetic-and-logic unit on the 29116 16-bit bipolar microprocessor has three inputs so that a masking 
operation can be performed simultaneously with another instruction. The barrel shifter and priority encoder further optimize it for control. 
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2. Maximum system. If the highest speeds are required, then the 29116 can be assisted by support chips from the 2900 family. However, a 
minimum system configuration can be reaiized by using only the shaded components, though systenn throughput will be slightly degraded. 


byte mode, the bits are rotated around the 8-bit bound¬ 
ary of the least significant byte. 

The rotate-and-merge instruction can merge two 
operands on a bit-by-bit basis, under the control of the 
mask as a third operand. Thus, in one microcycle, trans¬ 
lation from one code to another, such as from ASCII to 


hexadecimal, can be done with this instruction. This sort 
of operation would require at least three instructions 
with a conventional ALU. 

The rotate-and-compare instruction compares a 
rotated operand with a nonrotated operand. A 1 at the 
mask input (third operand) eliminates that bit from the 


, 'v;: ■ ■ 

Most instructions execute a fixed sequence of steps to microcode,-The sequencer controls the order of execution 
I perform their function. This control sequence may be of the microcode words. In a microprogrammed system, 

; reaiized as a hardwired random-logic state machine that the output of that microcode memory* however it Is 
c provides the necessary outputs for controlling the different stored, directly cdntrols the machine’s hardware. This 
• functions. The disadvantage of this approach is that it memory lil essence replaces the random-logic control 
leads to a design that is irregular and inflexible. mechanism of a machine. 

V An alternative is the microprogrammed approach, The modularity of this scheme results Iri a design that Is 
i; where the control Information is obtained from a regular easy to upgrade qr modify, since programihing a PROM 

V structure, such as a programmable array or a read-only takes much less time than redesigning a random-logic 
: memory. A sequence of controls is obtained by accessing state machine, in the same way that assemblers simplify 
, different words in the array. This access Is usually machine language programming, programs called meta- 

obtalned by cycling through consecutive words In the assemblers can aid iff the writing of microcode. A deveiop- 
array until the instruction is completed. The action is ment system called System 29 aids the design of micro- 
performed by a sequencer that selects the microsubrou- programmed systems. It also contains a meta-assembler 
imes that execute Instructions. called Amdasm for assemblfing the firmware portion of a 

; Thus, a microprogrammed control mechanism consists system. Using Amdasm* It is possible to write microcode 
of a memory and a sequencer. The memory can be a using user-definable mnemonics and the other facilities 
1: ROM. programmable ROM or random-access memory, provided by System 29 help In the development and 
and the Information residing in it is referred to as the debugging of this firmware. 
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comparison. The result of the comparison is loaded in the 
0 bit of the status register. If the comparison passes, the 
0 bit is set. 

The 29116 can also prioritize a masked operand, 
which is ideal for performing n-way jumps as well as for 
normalizing numbers. The priority encoder accepts a 
16-bit input and produces a 5-bit binary-weighted code 
indicating the bit position of the highest-priority active 
bit. If none of the bits is active, the output is 0. Such an 
operation requires a separate subroutine when carried 
out on conventional microprocessors. 

Forward and reverse 

For reliable data transmission, the cyclic-redundancy- 
check instructions permit generation and comparison of 
the CRC check bits using any 16-bit polynomial. Since 
the CRC code standard does not indicate which d^ta bit 
must be transmitted first, the 29116 supplies both for¬ 
ward and reverse CRC instructions, each of which con¬ 
sumes only two microcycles per bit—perfect for bidirec¬ 
tional tape drives. 

In the first cycle, the data bit is shifted from one of the 
registers into the link bit of the status register. During 
the second cycle, check bits are generated by executing 
either the CRC forward or reverse instructions. The result 
is stored back into the check-sum register. 

The part also includes such niceties as exclusive-NOR 
sign extention for converting 8-bit integers into 16-bit 
ones and a single-bit shift directly on a register. 

A typical system configuration for the 29116 consists 
of a host computer, memory, and peripheral controller 
interfaced through three buses. The peripheral controller 
and the peripheral devices are interfaced with a separate 
data bus, which may be either serial or parallel, and a 
control bus. Information on the control buses comprises 
status, command, and timing signals. 

In a typical implementation of the peripheral control¬ 
ler portion of a system, the bidirectional interface to the 
host’s data bus is via two Am2950 8-bit parallel I/O 
ports. Two Am2940 8-bit direct-memory-access address 


generators drive the associated address bus, and another 
2950 interfaces with the bidirectional control bus. The 
interface to the serial peripheral data bus in this case is 
serial. The interface between these bus-interface units 
and the 29116 is a 16-bit bidirectional bus that connects 
to its Y port. A 256-word random-access memory for 
temporary data storage and a 12-bit interface to the 
microprogram controller connect to the D inputs of the 
AM2910 microprogram sequencer. The bus-control and 
clock-enable signals for these devices are generated by 
the pipeline register at the output of the microprogram 
memory. 

The 29116, 2910, and the microprogram memory 
perform the data manipulation and routing; command 
and status generation and testing; and the timing-signal 
generation functions. This implementation minimizes the 
amount of hardware necessary to implement a control¬ 
ler, which is accomplished by sharing the instruction- 
inputs to the 29116 with the inputs to the 2910; by 
generating all the necessary test conditions within the 
29116, which permits connecting the CT output of the 
29116 directly to the condition code (irc) inputs of the 
2910; by performing all the necessary status manipula¬ 
tions within the 29116; and by using the same RAM 
address for reading and writing. 

A tradeoff 

Although the peripheral-controller implementation 
described above minimizes the amount of required hard¬ 
ware, it does limit the throughput. The architecture 
shown in Fig. 2 uses the same bus interface circuits but 
maximizes the throughput of the controller at the 
expense of additional hardware. In this implementation, 
the instruction inputs of the 29116 and the D inputs of 
the 2910 are driven from separate microcode bits, mak¬ 
ing possible simultaneous instruction execution in the 
29116 and direct jumping in the 2910. 

The multiplexer at the CC input of the 2910 allows 
conditions to be tested without loading the signals into 
the 29116. Four additional bits of microcode drive the T 



3. Typical application. The 29116 is ideal for controlling Winchester disk drives. It can handle up to eight such drives simultaneously and, 


with the addition of a burst-error processor and data-ciphering processor, it can be made very reliable as well. 
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inputs of the 29116, permitting simultaneous conditional 
testing and execution of an instruction in the controller. 
In addition, the ALU status bits can be selectively loaded 
into the 2904 to reduce the number of cycles necessary to 
perform status manipulation. 

By adding five additional microcode bits and a multi¬ 
plexer at the I inputs of the part, separate source and 
destination addresses can be used in the same microcy¬ 
cle. For example, the contents of the third register can be 
added to the contents of the accumulator and the results 
can be stored in register 7. 

In addition to supplying the basic oscillator and clock 
driver functions, the 2925 system-clock generator and 
driver lets the user dynamically alter the length of the 
rnicrocycle and, thus, interface the 29116 with slower 
bus-interface and peripheral circuits. The 2914 handles 
high-speed interrupts from the peripheral controllers. 

The 29116 functions as a superior disk controller 
because its bipolar technology enables it to perform at 
much higher speeds than MOS processors and, therefore, 
handle as many as eight Winchester disk drives' simulta¬ 
neously (Fig. 3). Its microprogrammability lets it be 
tailored to the requirements of a specific application. 
Efficient data movement and data compression is possi¬ 
ble using instructions, such as rotate-and-merge. 

Major application areas 

The unit’s bit manipulation instructions are useful for 
checking control and status bits. A microprogrammed 
system allows the controller to initiate a task such as 
positioning the disk head while performing other tasks 
until notified that the head is in position. 

Fast response to interrupts as well as other speed 
enhancements can be designed in, using other 2900 
bit-slice-family components. The GRC instructions can be 
used for the checking and generating the file header CRC 
bits; the CRC reverse instruction is included for systems 
(such as with magnetic tape) in which reading data in a 
forward and in a reverse direction is desirable to avoid 
time-wasting back-space and reread operations. 

Graphics processors vary in complexity based on the 
performance required from them, but sophisticated 
image processors require very high-speed controllers. 


The 29116 is well-suited for systems that include charac¬ 
ter and vector display or partition the screen into various 
regions that may need independent scrolling, cursor con¬ 
trol, zoom and pan, scaling, and translation and transfer 
of data between various sections of the memory. 

If the part is used for address generation, the arithme¬ 
tic instructions using 2" are useful. For example, in a 
windowing operation, there are certain bits in every 
horizontal scan that must be selected. The next line is 
displaced in the memory by a fixed address equal to the 
number of pixels in the horizontal line. 

Thus, address generation is simplified considerably. In 
addition, vectors can be generated from the coordinates 
of two points to be connected can be done easily using 
algorithms that generate the intermediate points and 
require only additions and subtractions.for interpolation. 

Saving cycles 

The rotate, rotate-and-merge, and other specialized 
instructions of the 29116 let the user perform the func¬ 
tions in one cycle that would take several cycles on 
conventional processors. For example, when a copying 
operation is performed on the display, a section of the 
area that was previously aligned with the 16-bit word 
boundary of the controller may no longer be aligned. The 
realigning may require rotation with a mask to leave the 
area outside the window unchanged. 

Another excellent application for the 29116 is as a 
cluster controller that manages a group of devices 
requiring service on a statistical basis. These devices 
could be terminals or printers or specialized i/o ports. 
The controller can dynamically alter device priorities to 
assure a fast response to the active devices at the expense 
of the inactive ones. 

The kinds of functions that a cluster controller may 
have to perform are data transfers between the devices 
themselves or between a memory and the devices, check¬ 
ing of device status, diagnostics, and assigning of service 
priorities. The priorities can be of different kinds and 
may be dynamically alterable. For example, when -all 
devices are of equal priority, then a round-robin scheme 
can be used so that the device just serviced gets the last 
priority for the next service. □ 


Reprinted from ELECTRONICS, November 30, 1981, copyright 1981 by McGraw-Hill, Inc., with all rights reserved. 
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INTRODUCTION 

This applica|Koh note shows techniques for designing a high- 
performance CPU using the Am29116 16-bit Bipolar Micro¬ 
processor. The Am29116 design maintains architectural and 
software compatibility with the Super-16, a 16-bit computer 
designed at AMD. An alternative Implementation using the 
Am2901 and Am2903 4-blt Bipolar Microprocessor slices is 
described in chapter 9 of “Bit Slice Microprocessor Design” by 
John Mick and James Brick. 

The architecture of the CPU incorporates pipelining at the micro¬ 
program level as well as at the macroinstruction level. It has the 
same instruction set as the Super-16, so it can run all its existing 
software with no modification. Although the Am29116 Is op¬ 
timized for peripheral controllers, it is an ideal choice for the CPU. 
It has a powerful Instruction set for arithmetic operations, data 
movements, multiple bit shifts, bit manipulations and status 
manipulations. In addition to speed, the Am29116 design reduces 
power requirements and PC board area. 


SYSTEM ORGANIZATION 

In a simple system comprising a main memory 16-bits wide and 
the CPU (Figure 1), the main memory is designed with static 
RAM chips (such as Am93422). A simple bus structure communi¬ 
cates between two devices. Although the Interface to other I/O 
devices is not discussed, the bus Can easily be modified to 
accommodate bus request, bus acknowledge and other interface 
signals. Addition of other I/O devices would require a bus con¬ 
troller to arbitrate bus requests from the CPU or I/O devices that 
require Direct Memory Access (DMA) transfers. 

The interface signals between the memory and the CPU are 
shown in Figure 2. The handshaking is done over a 16-blt-wide 
address bus, a 16-bit-wide bidirectional data bus and a control 
bus. The control bus comprises Memory Request, Read/Write, 
Address Accepted, Data Strobe, Data Synch, and Interrupt 
Control lines. 

To use the data in the n + 1 cycle, the Am29116 generates the 
main memory address during the n - 1 cycle and the data is read 
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Figure 1. Central Processing Unit Block Diagram 
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during the n cycle (Figure 3). The n cycle is longer than normal 
CPU cycles to accommodate for the main memory read timings. 
Information to stretch the cycle is provided during the n - 1 cycle 
to the Am2925 system clock generator. The CPU generates the 
address, memory request and read/write signals during the n 
cycle. The main memory responds to the memory requests by 
pulling the Address Accepted signal LOW. If the memory is busy, 
it does not generate the Address Accepted signal; Instead the 


ADDRESS BUS 


ADDRESS ACCEPTED 


DATA STROBE 


READ/WRITE 


MEMORY REQUEST 


INTERRUPT REQ AND ACK 

ry-- 


Figure 2. Memory - CPU Handshaking Protocol 


CPU waits until it receives this signal. The CPU responds to the 
Address Accepted signal by generating the Data Strobe signal, 
indicating that it is expecting data from the memory. The Data 
Synchronous signal Is generated by the memory, indicating valid 
data on the bus for the read operation. The Data Strobe and Data 
Synchronous signals generate either the load Z Latch or Load 
Data Register signal, depending upon whether the information 
requested is instruction or data, respectively. 

Since the Am29116 generates the main memory address and the 
data to be written, the memory write operation is done in two 
cycles (Figure 4). The address and the memory request are held 
active for two clocks. The n clock Is longer than the normal CPU 
clock to accommodate the main memory write timings. If the 
memory is not busy then the READ/WRITE signal is generated in 
the next cycle along with the Data Strobe signal, indicating valid 
write data on the bus. The m^ memory write pulse is generated 
from the Data Strobe and R/W signals. Acceptance of the write 
data is indicated to the CPU by the Data Synchronous pulse. 


INSTRUCTION FORMATS 


Instructions, which are stored In the main memory, are either one 
or two words long, with a word being 16 bits wide (Figure 5). The 
most significant half (MSH) of the first word is the operation code 
field. The least significant half (LSH) is divided into two fields, four 
bits each, indicating register assignment for the operands and 
the result. The lower half (registers 0-15) of the 32-register file in 
the Am29116 is used as a scratch pad by the user; the upper half 
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n - CYCLE n“’ CYCLE 



Figure 4. Memory Write 
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Figure 5. Instruction Formats 
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(registers 16-31) is used by the operating system to track memory 
stacks, counter, and so on. The first word of a two-word instruc¬ 
tion has the same format as the one word instruction explained 
above. The second word is always a 16-bit value, which is either a 
displacement address or an immediate data. 

There are 256 instructions possible with the 8 -bit-wide operation 
code, which is usually more than enough for the general-purpose 
machine. The instruction set includes operation codes that can 
operate on the following data types: 

• Bit 

• Nibble 

• Byte 

• Word 

The information about the addressing mode is designed into the 
operation code for different instructions. In addition the instruction 
set also Includes the PUSH/POP instruction to maintain single or 
multiple stacks, I/O instructions, decimal and binary integer 
arithmetic. 

Depending upon the addressing mode, the register specified by 
the instruction can act as either an accumulator for the arithmetic 
and logic operation or an index register to manipulate the operand 
address for the main memory. For the operations where the result 
is placed in the register, the R1 field depicts the destination 
register address and R2 (or R2 + d) is the source register (or 
points to the source field in the main memory). For the operations 
where the result is transferred from the register to the main 
memory, the R1 field depicts the source register address and R2 
(R2 + d) points to the destination memory location. For the 
memory-to-memory transfer, the R2 field is the source pointer 
and the R1 is the destination pointer for the main memory. 

The microprogram architecture provides the flexibility for de¬ 
signers to select different formats and define the machine-level 
instructions. The Instructions and instruction format are similar to 
the Super-16 computer designed at Advanced Micro Devices. 
For more detailed information refer to chapter 9 of “Bit-Slice 
Microprocessor Design” by John Mick and Jim Brick (a 
McGraw-Hill Publication). 

CPU ARCHITECTURE 

In the block diagram of the CPU (Figure 6 ), all internal data 
transfers are done through the 16-bit-wide internal bus. The data 
transfer between the system bus and the Internal CPU bus is 
done through the Data Register, the Address Register and the Z 
latch. The design incorporates single-level pipeline structure. The 
register at the output of the microprogram memory acts as a 
pipeline register, providing the capability to execute simultane¬ 
ously one microinstruction while fetching the next. The Instruction 
Register (IR) and the Z latch allow macrolevel pipelining. While 
the macroinstruction in the Instruction Register is being decoded, 
the Z latch may contain the next macroinstruction (In the 
register-to-register mode) or the displacement field (in the index 
addressing) or the data (in the immediate addressing). 

Data Path (Macroinstruction) 

The macroinstruction from the main memory is either loaded into 
the Z latch or into the Instruction Register. A macroinstruction can 
be loaded directly into the Instruction Register by making the Z 
latch transparent. The Z fatch is made transparent by forcing its 
enable signal HIGH. The decision to load either the Z latch or the 
Instruction Register is made by the addressing mode of the 
macroinstruction being decoded. During the pipefill operation, the 
first macroinstruction is loaded into the Instruction Register. All 
single-word Instructions are next loaded into the Z latch, then into 


the Instruction Register after execution of the current macro¬ 
instruction. Since a two-word instruction consumes Information 
stored in both the Instruction Registers (which contains the 
Instruction) and the Z latch (which contains the displacement), the 
next macroinstruction from the main memory is directly loaded 
into the Instruction Register. During the decoding of a two-word 
Instruction, if the content of the Z latch is decoded to be a dis¬ 
placement then It Is used by the Am29116 during the form 
operand address cycle. If it is decoded as immediate data, then It 
is used during the execute cycle. (See Instruction Execution 
section for both situations). 

The data transfer between the processor and other devices Is 
implemented using the Am2918 data registers and tri-state buffer 
chips (Figure 7). The data receive register (DRX reg.) receives 
data from the system data bus under microprogram control. The 
data transmit register (DTX reg.) acts either as the register to 
transmit data on system data bus or as a temporary register for 
the CPU internal bus. As a temporary register, data can be loaded 
from the internal bus and read to the bus under the control of 
microprogram. 

The D latch at the input port of the Am29116 provides the capa¬ 
bility to input and output data In the same microcycle. Data is 
brought in through the Y port (either from Z latch or DTX register) 
and loaded Into the D latch during the first half of the cycle. During 
the second half, the D latch is disabled. The Y output buffers can 
be turned on to allow the ALU result to appear on the Internal bus. 

The N register permits incorporation of functions such as N-way 
jump and normalization. A 16-bit word can be prioritized in the 
Am29116 under the control of a mask. The five-bit vector Is 
loaded Into the N-register and used in the next cycle either to 
branch to a specific microroutine or as a number “n” in the 
instruction to rotate a word in the barrel shifter. 

Microprogram Control 

The control logic generates the proper sequence of micro¬ 
program execution. The Am2910 Microprogram Controller 
generates the address for the next microinstruction to be exe¬ 
cuted. It can perform either sequential access or conditional 
branch to any microinstruction within its 4k microword range. The 
Am2910 receives the branch address (at D Inputs) from one of the 
four sources: 1) Pipeline Register, 2) Interrupt Vector Decoder, 
3) Macroinstruction Decoder, or 4) N-register. The macro- 
instruction Decoder (Mapping PROM) uses the operation code 
(bits 8-15 of IR) as an address and provides the starting address 
of the microroutine that executes each macroinstruction. The 
interrupt vector decoder uses the three-bit vector (generated by 
the Am2914 Vectored Priority Interrupt Controller) unique to a 
requesting device and generates the starting address for interrupt 
service routine. The N-register provides the capability to do n-way 
jump. The prioritize instruction in the Am29116 generates a five- 
bit binary vector indicating the most significant one in the 16-bit 
word. This vector along with other predefined bits can be used as 
a branch address. 

The decision to branch in the Am2910 depends upon the condi¬ 
tion presented at the CC input. The status bits from the Am29116 
T-bus (Carry, Overflow, Zero, Negative) can be used to branch in 
the next cycle by selecting one out of four (T^ to T 4 ) inputs at the 
CC-MUX. The condition test output from the Am29116 or the 
Am2904 can be selected at the CC-MUX to branch on complex 
conditions (such as less than, equal, etc.) or to branch on the 
condition generated previously. 

Microcycle timing analysis for some selected critical paths is 
shown in Figure 8 . This analysis is done using worst case propo- 
gation delays of each chip. The timing path through the pipeline 
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Figure 8. System Timing Analysis 
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raster (CP to Q), Am29116 (I to CT), CCMUX (D to Y), Am2910 
(CC to Y), microprogram memory (address access) and back to 
the pipeline register (set-up time) was the most critical path 
affecting the microcycle. However, the use of D-Flip Flop (CCFF) 
separates the cycle time for that path into two non-critical paths. 
Since the D-Flip Flop delayed the condition code (CC) signal at 
the input of Am2910 by a clock, the CC-Mux select lines are taken 
out from the microprogram memory to align the selection of the 
condition code and the execution of microinstruction. With the 
CCFF in, the most critical path In the system is through the 
Am2910 (CP to Y), microprogram memory (address access) and 
the pipeline register (set-up time). This critical path can be made 
non-critical by adopting two level architecture, which Is not 
discussed in this application note for simplicity. 

Am29116 

The Am29116 allows the processor to perform powerful arithme¬ 
tic and logic functions. In addition, the Am29116 also maintains 
and generates main memory addresses. Its 32-word RAM 
provides ample temporary storage to enhance the throughput of 
the processor. The lower half (Registers 0-15) of the 32-register 
file In the Am29116 is used as a scratch pad by the user, the upper 
half (Registers 16-31) Is used by the operating system for tracking 
memory stacks, counter, etc. For high-level language 
irnplementation, the barrel shifter allows field insertion and ex¬ 
traction, rotation and table lookup. An onboard status register 
provides the ability to check the user-definable and other status 
flags through either the instruction inputs or the bidirectional 
T-bus with result appearing at the CT output. 

The instruction set of the Am29116 provides additional power to 
the processor. The prioritize and rotate instructions can be used 
to normalize a floating point instruction. The bit manipulation 
capability provides easy address manipulation and pattern 
generation. 

The detail CPU diagram (Figure 6 ) indicates that the 16-blt 
instruction inputs of the Am29116 are driven by the microcode 
bits. The multiplexer (tri-state bus) at the input of bits 0 to 3 
provide flexibility to address sixteen registers by either the 
macroinstruction field (R1 or R2) or from the microcode. Similarly, 
to provide flexibility in specifying the number “N” for rotating a 
word from either the macroinstruction or N-Register or micro¬ 
instruction, a multiplexer (tri-state bus) is used at the input of bits 9 
to 12. The outputs of the R1 and the R2 field of the Instruction 
Register are controlled by separate microcode bits. Since the 
Am29116 has a single-port RAM, it takes two cycles to perform 
register-to-register operation. In the first cycle, the contents of R2 
are moved to the Accumulator. In the second cycle, an operation 
between R1 and the Accumulator is performed with R1 as the 
destination. Four additional bits of microcode drive the T^ to T 4 
Inputs of the Am29116. This allows simultaneous testing of the 
status and execution of an instruction in the Am29116. The four 
status bits (C, N, OVR, Z) can be loaded into the status register or 
can be taken out on the T-bus. Thus selective loading of the 
status bit can be done in the Am2904 using the T-bus. The 
flexibility of the Am2904 reduces the number of cycles necessary 
to perform status manipulations.'To allow branching In the next 
cycle, on these (C, N, OVR, Z) status bits, the T-bus also goes to 
the CC-MUX input. 

The Am2904 has two status registers, one for the micro level 
status and the other for the machine (macro) level status. The 
micro-status is updated every microcycle if the T-port of the 
Am29116 is the output port. The macro-status is updated at the 
end of each machine instruction. Thus branching at the micro¬ 
level or machine-level becomes easier with the Am2904. 


The Am2925 system clock generator and driver, which provides 
basic clock oscillator and driver functions, can generate four 
different clock waveforms (different duty cycle). The Am2925 
provides the capability to alter the length of the microcycle 
dynamically, and it responds to asynchronous interfaces by 
generating a wait state. The capability of the Am2925 to stretch 
the cycle and generate a wait state enhances the CPU power by 
making the interface with slower device easier and more efficient. 

INSTRUCTION EXECUTION 

The normal instruction cycle has four basic sequences of 
operations: 

1 . Form memory address of instruction 

2. Fetch Instruction 

3. Decode Instruction 

4. Execute 

For instructions that require operands from the memory rather 
than the local register file, two extra steps will be required after the 
decode operation: form operand address and fetch operand. 

The performance is increased by prefetching the next instruction 
during the execution of the current instruction. The pipeline 
architecture partially utilizes the overlapping capability , of the 
fetch, decode and the execute operations of the different instruc¬ 
tions because the Am29116 Is acting as both the Program Control 
Unit and the Arithmetic Logic Unit. The use of separate PCUs 
(2901 or 2930) will increase the performance of the system and 
utilizes the pipeline architecture to the fullest extent. 

Each operation is detailed below. 

Form Memory Address (1 microcycle) 

The Program Counter (PC) is incremented by two and the result is 
loaded into the Memory Address Register (MAR) and back into 
the PC. This can be done by selecting RAM as the destination and 
OEy LOW in the Am29116. 

Fetch instruction (1 microcycle) 

The Main Memory Request and the Read Strobe is generated. 
The memory uses the address generated In the same cycle and 
puts the data on the bus. The instruction is loaded Into the 
Instruction Register at the next rising edge of the microcycle. 

Decode Instruction (1 microcycle) 

The Instruction falls through the Z latch into the IR. The mapping 
PROM generates appropriate starting address for the micro¬ 
program from the operation code. 

Form Operand Address (1 microcycle) 

After every instruction fetch another read cycle occurs. The data 
Is stored in the Z Latch. Depending upon the addressing mode of 
the instruction during the decode cycle, the decoding logic deter¬ 
mines whether the data in the Z Latch is the next instruction the 
displacement or the immediate data. This displacement value is 
used with the specified Index register to form an operand address 
and loaded into the MAR. 

Fetch Operand (1 microcycle) 

The Operand is r^ad from the memory address generated in the 
previous clock and stored in the Z Latch (or D-Reg). 

EXECUTE 

The Am29116 performs the specified operation on the op- 
erands.Two microcycles are required for a register-to-register 
type of instruction because of the single port register file in the 
Am29116. This can be done in one cycle by two address 
architectures. 
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The instruction cycle for the Register-to-Register type (RR) is 
shown in Figure 9a. A second memory fetch occurs after the 
instruction fetch cycle during the pipefill operation. The second 
instruction fetched is stored in the Z-latch. The next instruction is 
loaded from the Z-latch into the IR after executing the current 
instruction. Concurrently, the address for the following instruction 
to be fetched is placed on the address bus. During the next cycle, 
the instruction fetched from the memory is stored into the Z-latch. 


The execution of each instruction takes two clocks as explained 
before. Figure 5a indicates that, except for the pipefill operation, 
the Am29116 is used in all the cycles either for the execution of an 
instruction or for the generation of the main memory address. 

The instruction cycle for the Register-to-Index storage (RX) type 
is shown In Figure 9b. During the pipefill operation the displace¬ 
ment is fetched immediately after the instruction. After the pipe is 
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A, B, C, D are Register to Register type instructions. 
Z = Z Latch 

IR = Instruction Register 


Figure 9a. Register to Register Instruction Cycle 
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*For pipefill operation only. A, B C are Register to Index storage type instructions. 

Ad. Bd, Co are displacement. 

Z = Z Latch 

IR = Instruction Register 


Figure 9b. Register to Index Storage Instruction Cycle 
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‘During this cycle decision to branch takes place 
If condition is true, Address = K = Index Reg + Aq 
I f condition is false, Address = B = A+1 


Z = Z Latch 

IR = Instruction Register 


Figure 9c. Branch or Condition RX Type Instruction Cycle 


filled, generation of the next instruction address and fetching of an 
operand can be done concurrently. The Am29116 is used in six 
out of the seven cycles needed to execute the RX type of instruc¬ 
tion (Figure 5b). 

M specifies conditions for jump. (X 2 ) + displacement is the 
branch address. 

The decision to branch on the RX-fype instruction occurs after the 
CPU determines that the condition is true or false (during execute 
A cycle) (Figure 9c). The format for the macro-branch Is shown In 
Figure 10. The condition code for the branching is presented to 
the Am2904. The Am2904 presents this condition to the Am2910 
where the decision to branch takes place. 

MICROWORD FORMAT 

The microinstruction Is 78 bits wide (Figure 11). The control bits 
for each functional unit are grouped together for better readability. 


Definitions of each control bits are shown in Table I. The enable 
signals for loading the Z latch and the D latch of the Am29116 can 
be used with the clocks or other timing waveform to ensure proper 
operation. Proper waveforms for the memory i nterface can be 
generated from the Data Strobe and the READ/WRITE signals 
depending upon the type of static RAM chips used in the main 
memory. 



ALU (26) 

DATA PATH (11) 

MEMORY CONTROL (4) 

INTERRUPT CONTROL (5) 

CLKSEL (3) 


STATUS (6) 

TEST (4) 

CCSEL (3) 

SEQUENCE CONTROL (4) 

BRANCH ADDRESS (12) 


MPR-828 


Figure 11. Microword Format 


6-60 





A Microprogrammed CPU Using Am29116 


TABLE 1. MICROINSTRUCTION FIELDS 


Field Width 

Mnemonic 

Description 

ALU 



16 

'0-ll5 

29116 Instruction 

1 

DLE 

29116 Data Latch Enable 

1 

lEN 

29116 Instruction Enable 

1 

OEY 

29116 Output Enable Y-bus 

1 

SRE 

29116 Status Register Enable 

1 

GET 

29116 Output Enable T-bus 

3 

RAMSRC 

29116 Iq-U Source Select 

2 

NSRC 

29116 I 9 -I 12 Source Select 

Data Path 



4 

DSEL 

Data Register Source/Destination Select 

1 

DLD 

Data Register Enable 

1 

MARLD 

Memory Address Enable 

1 

IRLD 

Instruction Register Enable 

1 

ZLD 

Z Latch Enable 

1 

NLD 

N Register Enable 

1 

MAP 

Mapping PROM Output Enable 

1 

VECT 

Interrupt Vector PROM Output Enable 

Memory Control 



1 

R/W 

Memory READ/WRITE Pulse 

1 

WREQ 

Wait Request 

1 

DATASTB 

Data Strobe 

1 

MEMREQ 

Memory Request 

Interrupt Control 



4 

lO'b 

2914 Instruction 

•> 

INTO 

2914 Interrupt Disable 

Clock Select 




L 1 -L 3 

2925 Clock Length Select 

Status 



1 

EZ 

2904 Enable Zero 

1 

EC 

2904 Enable Carry 

1 

ES 

2904 Enable Sign 

1 

EOVR 

2904 Enable Overflow 

1 

CEM 

2904 Enable Machine Status 

1 

CEMICRO 

2904 Enable Micro Status 

Test 



4 

T 1 -T 4 

29116 or 2904 Test Status Instruction 

CCSEL 



3 

CCSEL 

Condition Code MUX Select 

Sequence Control 



4 

• 0 -I 3 

2910 Instruction 

Branch Address 



12 

BA 

Next Micro Address 

78 




EXAMPLE 

One of the frequent operations performed in the floating point 
CPU is normalization (Figure 12). A 23-bit mantissa is stored in 
two registers. To start, the MSH of mantissa is in register R 1 and 
the LSH is in the Accumulator. The contents of R1 is checked for 
zero. If it is not zero, prioritization is done on R1; otherwise, it is 
done on the Accumulator to determine the bit position of the most 
significant one. The actual number of positions to be shifted Is 
one less than the binary weighted code generated from the 
Am29116; this can be done directly in the microroutine, which 


performs the normalization. Knowing the number of leading 
zeroes, the contents of the R1 can be rotated (Figure 13a). In the 
second step, the contents of the Accumulator can be rotated on 
the fly and merged with the contents of the R1 under the control of 
mask.The result is stored back in R1 (Figure 13b). Since the MSH 
of the result is formed, the LSH can be formed by rotating the 
contents of the Accumulator by N and merging it with zero under 
the control of different mask (Figures 13c and 13d). Flow chart of 
the normalization is shown in Figure 14. 
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Figure 13a. 
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MASK 

(1...100000P) 



Step 4: ROTM, W, N, MARI, R2 


Figure 13d. 



Figure 14. Normalization of Floating Point Mantissa 
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CONCLUSION 

Microprogrammability of the Am2900 devices makes customized 
architecture easier and faster to design. The powerful instruction 
set of the Am29116 provides additional capability to the CPU to do 
bit manipulation, Multiple Bit Rotate, Rotate and Merge, 
Rotate and Compare and prioritize functions besides normal 
arithmetic and logical operation. 


The design shown in this application note is done with minimum 
part configuration. The throughput of the system can be 
increased with a separate Program Control Unit designed using 
the Am2930or Am2901 executing concurrently with the Am29116 
(ALU), thus relieving the Am29116 from generating the main 
memory addresses. 
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Until recently, advances in high- 
performance disk systems were limited 
mainly by the state of the art in Read/Write 
circuits and head. Today, track densities 
and transfer rates are becoming so high that 
the design of the controller is becoming a 
bottleneck. The need for high bandwidth is 
accompanied by demands for more powerful 
cojrnand sets and the transfer of many 
operating system software tasks into the 
controller firmware. 

To implement intelligent high-bandwidth 
controllers, flexible and very fast VLSI 
building blocks are needed. This article 
shows how two such building blocks, the 
Am29116 Bipolar Microprocessor and the 
Am9520 Burst Error Processor, can be 
combined to form a disk controller with over 
20MHz bandwidth, and incorporate such 
features as detection and correction of 
burst errors up to 11 bits long, I/O request 
queue sorting, sector caching, device 
transparency, logical record I/O, and 
associative (content-addressed) reading and 
writing of logical records. 

I' 

The Am29116 performs 10 million 
instructions per second within a 16-bit 
parallel architecture and 32 x 16 register 
file. Its 16-bit barrel shifter allows an 
operand to be masked and rotated from 1 to 
15 places and then optionally compared with 
a second operand within a single instruction 
cycle. Within a single cycle, it is also 
possible to rotate an operand and merge it 
with a second operand under a mask. 

Otpr important features of the Am29116 
includes its generation of forward and 


reverse CRCs; its ability to prioritize 
event and status bits under mask; and its 
ability to set, reset, and test arbitrary 
bits. The Am29116 is the largest and most 
complex such bipolar device produced. 
Fabricated using AMD's proprietary 
ion-implemented oxide-isolated (IMOX^*'^) 
process, it contains emitter-coupled logic 
(ECL) circuitry scaled to VLSI proportions. 
Although ECL is used internally, all input 
and output buffers are fully TTL- 
compatible. 

The Am9520's features, which make it a 
cornerstone of this design, include the 
ability to generate check bits and detect 
and correct single and burst errors for four 
different modified Fire code polynomials-- 
including the popular 48-bit polynomial and 
the exceptionally powerful 56-bit 
polynomial used in this design. High 
throughput of the Am9520 is achieved by 
using an 8-bit parallel network of exclusive 
OR gates that accomplishes the equivalent, 
in a single clock, of eight clockings of a 
linear feedback shift register. In less 
than 200 microseconds, the correct high 
speed mode of the Am9520, which is used in 
this design, permits correction of a 
maximum-length error burst (11 bits) 
anywhere within a 256-byte sector using the 
microcode logic shown and the 56-bit 
polynomial. The Am9520 performs the correct 
high-speed function by simultaneously 
dividing the data input by all of the 
factors (except the first) of the 
polynomial. Location and correction of the 
error burst is fast because the periods of 

the factors are short compared with the 
period of the composite polynomial. 
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Ani29116 Organization 

The Am29116 includes a 32 x 16 RAM with 
latched outputs, a 16-bit accumulator, a 16- 
bit data input latch, a 16-bit barrel 
shifter, a three-input arithmetic/logic 
unit, a 16-bit priority encoder, a status 
register, a condition-code 
generator/multiplexer, 16 tristate output 
buffers and a 16-bit instruction latch and 
decoder (Figure 1). 


if the ten input is also LOW and if the 
instruction being executed selects the RAM 
as destination. Data is written into the 
low-order 8 bits of the addressed word for 
byte instructions and into all 16 bits for 
word instructions. Separate read and write 
RAM addresses may be used by supplying a 
multiplexer on instruction inputs 14-10 
using CP as the select signal. A 


The single-port RAM has output latches that The accumulator, which is edge-triggered, 
are transparent when the clock input CP is accepts data on the LOW-to-HIGH transition 
HIGH and latched when CP is LOW. Data is of CP if TEN is also LOW and if the 
written into the RAM while the clock is low instruction being executed selects it as the 



Figure 1. Am29116 Organization 
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destination. As with RAM locations, byte is generated outside the ALU and also 

instructions modify only the lower half of operates in either byte or word mode. The 

the accumulator while word instructions Stored Carry (QC) bit of the status register 

modify the full register. may be selected (along with 0 and 1) as the 

ALU carry input to support multi-precision 
The data input latch (D-latch) holds the arithmetic operations. This is used by the 

data input to the ALU on the bidirectional Y correct high speed microcode of the disk 

bus. The latch is transparent when the OLE controller, which employs coefficients as 

input is HIGH and latched when the OLE input large as 2,647,216. 

is LOW. The sources of the ALU operation 

are the RAM, the accumulator, the D-latch The priority encoder produces a binary- 

and the instruction inputs during IMMEDIATE weighted code to indicate the location of 

instructions. the highest-order non-masked one at its 

input. If none of the masked bits is HIGH, 
The ALU, which can operate on one, two, or the output of the priority encoder is zero, 
three operands depending upon the If bit i is the most significant HIGH bit 

instruction being executed, contains full then the output of the priority encoder is 

carry lookahead across all 16 bits. All ALU equal to s - i + 1 where s is the position of 

operations can be performed in either word the sign bit and is equal to 15 in word mode 

or byte mode. Status outputs Carry (C), and 7 in byte mode. To understand why s - i 

Negative (N), and Overflow (OVR) are + 1 is used in place of s - i (the usual 

generated at the byte level for byte-mode priority encoding), consider the following 

operations and at the word level for word- example (Figure 2). The eight Attention 

mode operations. A fourth flag. Zero (Z), Drive signals are presented on the time- 



Figure 2. Using the Am29116 Prioritize Instruction 
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multiplexed drive cormiand/data bus and are 
read through the Y-bus and data input latch 
of the Am29116. If the controller has 
already serviced all attention requests 
from drives 1-3 and wishes to service the 
highest priority attention request (if any) 
from drives 4-8, it executes a Prioritize 
instruction in byte mode using hexadecimal 
FEED as the mask, followed by a Branch if 
Not Zero into a jump table indexed by the 
priority encoder output. 

The 8-bit status register and the condition- 
code generator/multiplexer contain the 
information and logic necessary to develop 
12 condition-code test signals. The 
multiplexer selects one test signal and 
places it on the condition-code test (CT) 
output for use by the microprogram 
sequencer. The multiplexer is addressed in 
two ways. In the first, which is used here 
to maximize throughput, the T-bus is used in 
input-only mode to specify the multiplexer 
select position directly. In the second, 
the CT output is selected through a test 
instruction. 

The output enable Y-bus (W7) input enables 
the 16 tristate output buffers when it is 
LOW. When OEY is HIGH, the output buffers 
are read in the high-impedance state 
(allowing read/write and status data to 
reach the D-latch from the controller's 16- 
bit system data bus). 

The 16-bit instruction latch is normally 
transparent to allow decoding of the 16 
instruction inputs 115-0 into internal 
control signals for the Am29116 and the 
execution of the instruction within a single 
clock cycle. The only exceptions to this 


rule are the immediate-operand 
instructions, which execute in two clock 
cycles rather than one. These are captured 
in the instruction latch during the first 
clock and executed during the second. It is 
during the second clock that the immediate 
operand, which resides in the 115-0 field of 
the next microinstruction, is fetched and 
execution is completed. Immediate 

instructions are used extensively in the 
disk controller microcode whenever masks 
and special arithmetic constants are 

needed. (The Am29116 allows the addition or 
N N 

subtraction of 2 , and the use of 2 and its 
complement as a mask, for any N between 0 
and 15 within a single clock, so that for 
these 16 common numbers and 32 common masks, 
an immediate instruction is not required). 

Am29116 Instructions 

The 16-bit instructions of the Am29116 can 
be grouped into eleven types which 
correspond in a natural way with the 
Am29116‘s internal instruction decoding 
logic: single operand, two operand, single 
bit shift, rotate and merge, bit oriented, 
rotate by n bits, rotate and compare, 
prioritize, cyclic redudancy check, status, 
and no-op. The microprogrammer needs to be 
familiar with these groupings (and certain 
subgroupings) because the System 29 AMDASM 
DEF file provides mnemonics that correspond 
to them. For example, the AMDASM SRC file 
line 

SOR W,INC,S0RY,R1 

increments the full 16-bit contents of 
Am29116 RAM location 1 by one and places it 
onto the Y-bus and 

TORI B,SUBR,T0RAR,R2 

subtracts the low-order byte of the 
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aecumulator from the low-order byte of RAM single cycle. (Two cycles are used if one 
location 2 while leaving the high-order byte operand is immediate data.) Note that for a 
of location 2 unchanged. typical line of this table, there are 

several Am29116 mnemonic operation codes. 
Table 1 summarizes the basic operations that depending upon the choice of operand 
Am29116 instructions can perform within a source(s) and destination, 

TABLE 1. SINGLE-CLOCK Am29116 OPERATIONS 
Add 

Add with Carry 
Add 2“^ 

And 

Complement 

Accumulate forward CRC 

Accumulate reverse CRC 

Exclusive Nor 

Exclusive Or 

Increment 

load 2'^ 

N 

Load 2 Complemented 

Move 

Nand 

Negate (2's complement) 

Nor 

Or 

Prioritize under mask 
Reset bit N 
Reset status bit 
Rotate N bits 

Rotate N bits and compare under mask 

Rotate N bits and merge according to mask 

Set bit N- 

Set status bit 

Single bit shift 

Subtract 

Subtract with Carry 
Subtract 2^ 

Test bit N 
Test status bit 
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Many of the operations prove particularly 
useful when implementing intelligent disk 
controllers. For example, the packing of 
ASCII characters (which occupy 8-bit bytes 
in main memory yet need only occupy 7-bit 
contiguous frames in the disk record) is 
accomplished efficiently and at high speed 
by Rotate and Merge instructions as shown in 
Figure 3. The microinstructions shown on 
the arrows perform the bit mapping indicated 
by them. In this example, 8 ASCII bytes 
requiring 64 bits of main storage are packed 
into 56 bits (8 7-bit contiguous frames) 
prior to being written to disk. In general, 
the ability of the Am29116 to rotate a 16- 
bit operand by N bits and merge it with a 
second 16-bit operand under mask within a 
single cycle makes the manipulation of 
arbitrary-length, arbitrarily-aligned data 
fields efficient and simple. Other 
operations that are especially valuable in 


this application are provided by the CRC 

Forward instruction (used to generate or 

check the integrity of header records), the 

N 

instructions which add and subtract 2 , load 
N 

2 and its complement, reset, set, and test 
bit N, and (as indicated above) the masked 
Prioritize instruction. If the 

intelligence incorporated into the 
controller includes associative retrieval 
based upon recognition of an arbitrary bit 
string within the data record, the 
instructions which rotate by N bits and then 
(within the same cycle) compare under mask 
are almost indispensable. 


Functions of An Intelligent Controller 

The interface signal names, polarities, and 
functions used in this article are similar 
to those used in the current ANSI standard 
for rigid disks. However, the methods and 



Rg R| R 2 **3 

|o 6 7 8 I 4 I 5 I 0 I 2 6 7 1415|o 3 4 6 7 8 14 isj 0 5 6 
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Figure 3. Packing ASCII Fields by Means of the Rotate and Merge Instruction 
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functions discussed can be used for most 
current rigid or flexible disk drives. With 
minimal external logic, the Am29116 and 
Am9520 perform all the functions needed to 
format, read, and write disks at over 20 
MegaBits per second. These include 
generating and checking header CRCs, 
performing header-sector acquisitions, 
enabling and disabling drive read/write 
circuits at the appropriate times, managing 
data flow through a high-speed buffer 
memory, generating check bits during 
writes, and detecting and correcting single 
and burst errors up to 11 bits long during 
reads. 

Except for seeks, retries, and formatting, 
all of the above have been microcoded. The 
microcode fits within 256 words (one-fourth 
of the microprogram memory used in the 
design), and it is appropriate here to 
describe some additional intelligent 
functions that can be microprogrammed: 


Maintaining I/O Request Queues . To 
maximize throughput, the controller 
orders its read and write request queues 
by sector, head, drive, and cylinder. 
(Cylinders appear last in the order of 
sorting because a seek on one drive may 
be overlapped with a read or write on 
another.) The Am29116 maintains the 
read/write request queue in its 4096 x 
16 high-speed buffer memory. 


then placed into the queue at the 
position determined by the following: 


(1) Behind all requests whose bump 
counts equal N ("Queue 1") 

(2) Inserted in sorted order into the 
remaining queue of requests whose 
bump counts are less than N ("Queue 
2") as follows: 


(3) 


(4) 


(a) 

By type (read after 


write) 

(b) 

By sector number 

(c) 

By head number 

(d) 

By drive number 

(e) 

Finally, by cylinder 


number 


Before each new request is queued. 
Queue 2 is scanned head-to-tai1. 
Each request encountered during the 
scan that has a bump count of N is 
removed from Queue 2 and placed at 
the end of Queue 1. 

After each new request is queued, 
the bump count is increased by 1 for 
each Queue 2 member that has been 
bumped by it (i.e., now follows it). 


It should be noted that the choice 
of N is application-dependent, 
since increasing N increases 
throughput but also lengthens 
response time for some read/write 
requests. 


Selective sorting of the read/write 2. 
request queue is performed by the 
controller. Each new request is 
assigned a "bump count" of 0 when the 
controller receives it. The request is 


Avoiding Redundant Reads . The Am29116 
also maintains copies of the last eight 
sectors read from or written to disk. 
Before each read request is entered into 
the queue, the Am29116 compares it with 
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a list of buffer rnemory-resident sector 
images. If a match is found, the 
contents of the sector images are used 
to satisfy the read request and no 
enqueueing is performed. 

Performing Logical Record I/O and 
Maintaining Device Transparency . The 
Am29116 translates I/O requests by 
logical record number into physical 
select, seek, and I/O operations by 
drive, track, head, and sector numbers. 
The CPU software need not concern itself 
with the characterisitics of the 
particular drives attached, and it is 
minimally affected by deletions and 
additions of drives of varying types. 

Performing Associative Logical Record 
I/O . The Am29116 reads, writes, or 
returns the logical record numbers of 
logical records that contain specified 
fields. The CPU software merely 
specifies the type of operation to be 
performed and the length, relative 
position within the logical record, and 
value of the content-addressing field. 

Performing Data Compression and 
Expansion . Much of the information 
routinely stored on disk as 8-bit bytes 
is character data. While it is 
convenient to manipulate these data in 
the central processor in 8-bit EBCDIC 
notation, they can usually be stored 
much more efficiently on disk as either 
6-bit BCD (or FIELDATA) bytes or 7-bit 
ASCII bytes. The usefulness of 
compressing information in this manner 
depends entirely upon the database. For 
example, most accounting and management 


information system data do not involve 
lower-case alphabetics and can be 
recorded in 6-bit BCD (or FIELDATA), 
giving approximately a 25% reduction in 
disk storage occupied and a 33% increase 
in storage effectiveness. Most word 
processing data involve lower-case 
alphabetics but can be recorded in 7-bit 
ASCII, giving approximately a 12.5% 
reduction in disk storage occupied and a 
14.3% increase in storage 
effectiveness. The recording of data 
compressed in this manner is 
accomplished by a translation from 
EBCDIC to BCD/FIELDATA or ASCII 
followed by packing and an unformatted 
write operation. Compressed data are 
read by an unformatted read operation 
followed by unpacking and a translation 
from BCD/FIELDATA or ASCII to ECBDIC. 
The translations are performed two 
bytes at a time by the two 2048 x 8 
Am27S291 PROMs illustrated in Figure 8. 
The three microcode bits labelled XLAT2 
-XLATO select one of eight code 
translations; four are used by the 
BCD/FIELDATA and ASCII compression 
algorithms and four are spares. 

Many other types of . application- 
dependent data compression can be 
performed directly by the controller. 
The following IBM VM/370 CMS commands 
perform various types of compression 
depending upon the old file type: 

(1) COPY ,old file name. ,old file type. 
,old file mode. ,new file name. 

,new file type. ,new file mode. 
(REP PACK) 
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(2) COPY ,o1d file name. ,old file type. 
,old file mode. ,new file name. 

,new file type. ,new file mode. 
(REP UNPACK) 

All the functions of COPY (PACK) and 
COPY (UNPACK) can be performed by the 
Am29116 and Am9520-based controller. 
The controller allows packed files to be 
read and written as if they were 
unpacked, just as it allows 6-bit 
BCD/FIELDATA and 7-bit ASCII files to be 
read and written as if they were 8-bit 
EBCDIC files. 

System Organization 

Figure 4 is an overall block diagram of the 
disk controller. The interface to the 
drives includes separate bit-serial data 
paths for read data and write data, and 
byte-parallel paths for commands, disk 
addresses, and disk status as described in 


the current ANSI standard. The Am2910 
microsequencer and IK x 8 Am27S35 registered 
microprogram memory drive the 80-bit 
control bus that directs the actions of the 
other components. Data flows serially and 
asynchronously at over 20 MegaBits per 
second between the drives and the time- 
division multiplexed serial input/serial 
output ports of the 16 x 16 FIFO array. 
Data flows synchronously in 16-bit parallel 
form between the FIFO array and the 4K x 16 
Am9147 buffer memory. In this design, it is 
assumed that support of disk transfer rates 
of close to 30Mbit/sec. is desirable. This 
is why the burst error processor, which can 
handle data up to 20Mbit/sec, is placed in 
parallel with the first-in-first-out memory 
array and the Am9147 RAM buffer*. During 

*AMD now offers the Am9520-1, a 30Mbit/sec 
part which will simplify the microcode shown 
in the application note. 
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Figure 4. Block Diagram of the Am29116/Am9520 Disk Controller 
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disk reads, the Am29116 maintains two 
pointers: a write pointer for transferring 
data from the FIFO array to the buffer 
memory at a rate close to 30MHz, and a read 
pointer for concurrently transferring data 
from the buffer memory to the burst error 
processor at a rate equivalent to 15MHz. 
During disk writes, in which the timing of 


the checksum calculation is more critical, 
the transfers are not overlapped. If the 
data transfer rate needed is 20Mbit/sec or 
less in an alternative design, the burst 
error processor can be placed in line with 
the FIFO array. Table 2 lists the interface 
signals between the controller and up to 
eight drives. 


TABLE 2. CONTROLLER/DRIVE INTERFACE SIGNALS 


SYMBOL 

PROSE SIGNAL NAME 

SIGNAL SOURCE 

OTC 

Address Mark Control 

Controller 

imi 

Attention 

Selected Drive 

ISCl? 

Bus Acknowledge 

Selected Drive 

MJT 

Bus Direction Out 

Controller 

liM 

Busy 

Selected Drive 

■CbPS 

Control Bus Parity 

Controller or 

Selected Drive 


Control Bus Data 
(multiplexed with SADRq^^) 

Controller or 

Selected Drive 


Command Request 

Controller 

TIM 

Index 

Selected Drive 

■pENB 

Port Enable 

Controller 

■PREIJ 

Parameter Request 

Controller 

RDCM 

Read/Reference Clock - 

Selected Drive 

MTP 

Read/Reference Clock + 

Selected Drive 
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TABLE 2 CONTROLLER/DRIVE INTERFACE SIGNALS (Cent.) 


SYMBOL 

PROSE SIGNAL NAME 

SIGNAL SOURCE 

M5H 

Read Data - 

Selected Drive 

injup 

Read Data + 

Selected Drive 


Read Gate 

Controller 

1OT?o.7 

Select/Attention Drivegy 
(multiplexed with C6 dAq y) 

Controller or 

Selected Drive 

?AMD 

Sector/Address Mark Detected 

Selected Drive 

■SSST 

Select/Attention Strobe 

Controller 


Write Clock - 

Controller 

WCT 

Write Clock + 

Controller 

WRDM 

Write Data - 

Controller 

TJRUP 

Write Data + 

Controller 

wR5a 

Write Gate 

Controller 


The host CPU and memory interface is through 
either DMA or a host data channel, depending 
upon the host machine and application. 
Although the interface is not shown in 
detail, it can readily be implemented using 
the Am2940 DMA Address Generator and the 
Am2950 Parallel I/O Data Port. 

Figure 5 depicts the byte-sync logic and 
timing logic for the FIFO buffer. It has 
been assumed here that the encoding scheme 
used by the drives is one that employs all- 
zero preambles (e.g.. Modified Frequency 


Modulation). If 3PM or any other non-zero- 
preamble scheme is used, the byte-sync logic 
shown must be appropriately redesigned. 
Redesign of the byte-sync logic will also be 
necessary for drives that suppress 
transmission of part or all of the preamble. 

Byte sync is achieved by three binary 
counters, which present and maintain a low 
output as soon as at least K zeroes followed 
by binary 11111110 (hexadecimal FE) have 
been encountered. The value of K may be 
"programmed" by means of the D, C, B, A 
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inputs to U1 and U2. These inputs are shown acquiring phase lock with the sync byte 

tied to hexadecimal F7. Since FF^g “ = train. The optimal choice for K depends 

OSj^g = 08 ^q, K = 8 for this instance. upon the acquisition rate and other 

Higher values of K may render the detector characteristics of the clock/data 
unduly sensitive to phase locktime jitter separator, 

and should be avoided. The bits first 

encountered during a sync burst are the Figure 6 depicts the serial«to-parallel and 

least likely to be sampled correctly, since parallel-to-serial conversion interface 

the drive's clock/data separator is still using an array of 9403As operated in 
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parallel at an aggregate rate of 30Mbit/sec 
per second. The FIFOs themselves are 
individually operated at 7.5Mbit/sec per 
second, and the 30Mb aggregate data rate is 
achieved by an alternate clocking scheme 
(Figure 7). This same scheme is used for 
both read and write clocking and that the 
FIFO serial input and output clocks, CPSI 
and CFSO, are falling-edge active. 
Pipelining is used to satisfy the setup time 
requirements of the FIFO serial inputs, OS. 
The FIFO serial outputs QS are also 
pipelined. However, the FIFO parallel 
inputs and outputs, D3-D0 and Q3-Q0, are 
fast enough to communicate with the buffer 
memory bus without pipelining. 


The major elements of the remaining portion 
of the data path are the Am29116, the Am9520 
and 4096 words of Am9147-55 buffer memory 
(Figure 8). These elements interface 
through an internal 16-bit data bus. The 
Am29116 is connected to this bus through two 
Am2949 bidirectional bus transceivers. 
During data compression operations, the 
read and write data are actually routed 
through two sets of Am27S291 translation 
PROMs. The Am29116 also generates and 
maintains the buffer memory addresses. The 
buffer memory comprises sixteen Am9147-55 
4096 X 1 RAMs. It contains images of the 
last eight sectors read from or written to 
disk, the I/O request queues, and additional 


jnLjmjiJTjmjiiiJUUL 


ODPT 


OEN3 


\ 


f 


\ 


I 


\ 


\ 


I 


V 


WRCj 




I 


WftC3 


\ 


I 


CLOCK WAVEFORMS FOR WRCg THROUGH WRC3 
(WAVEFORMS FOR RDCq THROUGH RDC^ ARE SIMILAR) 


Figure 7. FIFO Alternate Clocking 
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housekeeping tables. The 8-bit data input 
and output lines of the Am9520 are connected 
to the 16-bit internal data bus through a 
low and high byte bidirectional I/O port 
using two Am2950s. The instruction (C2-0) 
and read error pattern (REP) inputs of the 
Am9520 are generated by the Am29116 and are 
strobed into the command register under 
microprogram control. The Am9520 status 
signals—located error pattern (LP3-0) and 
pattern match (PM4-2)--are communicated to 
the Am29116 through the Am2959 buffer during 
high-speed error correction. In addition, 
the ANSI Control Bus Data (CBDAy_Q) and the 
Select/Attention Drive (SADR^^^q) signals to 
and from the selected drive are multiplexed 
and connected to the least significant byte 
of the internal data bus through an Am2949 
bidirectional bus transceiver. 

The Am2910 microprogram sequencer generates 
the next address to IK words of control 
memory (Figure 9). The control memory is 80 
bits wide and is configured using ten 
Am27S3^ 1024 x 8 registered PROMs. The test 
condition (IX)input to the Am2910 comes from 
one of sixteen sources (including a forced 
HIGH and a forced LOW) selected through 
multiplexers by five microinstruction bits. 
Except for the Am29116 CT status output, all 
of the test conditions are synchronized by 
the microinstruction clock (MICK) because 
they are from such asynchronous sources as 
the disk drives and the FIFO array. 

Microinstruction Format 

The format of the 80-bit microinstruction is 
outlined in Figure 10. The intent here is 
not to create a minimum-width, shared-field 


control word but to demonstrate microcoding 
the controller in a straightforward manner. 
Table 3 details the definition for each of 
the fields. A microinstruction word and 
field definition (DEF) file incorporating 
these is available to System 29 users. 

Sample microcode has been written (and a 
source (SRC) file is available to System 29 
users) for uncompressed sector read and 
write operations. The header and data 
segment format is shown in Figure 11. The 
code includes , header and sector 
acquisition, error checking of the header 
(via CRC), and error checking and correction 
of the data segments (via the Am9520 and its 
56-bit modified Fire code polynomial) 
(Figure 12). 

The sector input/output microroutine 
(SECTIO) performs input or output of a 
single 256-byte sector. Seek and retry 
operations are the responsibility of the 
calling microprogram. 

At entry to SECTIO, RO contains 0 to request 
a sector read, or +1 to request a sector 
write. R1 contains the I/O head number in 
its upper byte. The I/O track number is 
split between the lower byte of R1 and the 
upper byte of R2, while the lower byte of R2 
contains the I/O sector number. R3 contains 
the buffer memory start address. 

SECTIO first checks to see whether (RO) = +l 
and, if so, uses the Am9520 to calculate the 
56-bit modified Fire Code check bits that 
are to be appended during write. The check 
bits are stored in buffer memory immediately 
following the data. 
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Am29116 Control 
(24 Bits) 

Am2910 Control 
(20 Bits) 

Fully Decoded 
Enables 
(33 Bits) 

Data Compression 
Table Select 
(3 Bits) 

1 

Am29116 

Instruction 

t 

Dedicated Bits for 

Selects 

Instruction, 

Sequencing and 

OS’s and Control 

Compression 

Source, 

Status/Interrupt 

of BEP, FIFO, Disk 

Algorithm 

Destination 

Testing 

Bus I/O 



Figure 10. Microinstruction Format 


TABLE 3. MICROINSTRUCTION FIELDS 


MICROINSTRUCTION FIELD MNEMONIC 

BITS WIDTH 
(BITS) 


79-64 

16 

115-10 

Am29116 Instruction 

63-60 

4 

T4-T1 

Am29116 Conditional Test Select 

59 

1 

SRE 

Arp29116 Status Register Enable 

58 

1 

OEY 

Am29116 Output Enable Y-Bus 

57 

1 

lEN 

Am29116 Instruction Enable 

56 

1 

DLE 

Am29116 Data Latch Enable 

55-52 

4 

13-10 

Am2910 Instruction 

51-42 

10 

D9-D0 

Am2910 Direct Input 

41-36 

6 

- 

Test Multiplexer Condition and True/False Select 

35 

1 


Address Mark Control (Table 1) 

34 

1 

IFCB 

(Enable Memory) Bus From (Disk Drive) Control Bus 

33 

1 

inr 

(Enable Memory) Bus From Translate PROM 

32 

1 

ins 

(Enable Memory) Bus From 9403A FIFO Array 

31 

1 

ifh 

(Enable Memory) Bus From Am29116 Y-Bus 

30 

1 

BF2L 

(Enable Memory) Bus Lower Byte From Am9520 Q-Bus 

29 

1 

IFliJ 

(Enable Memory) Bus Upper Byte From Am9520 Q-Bus 

28 

1 

IfJDT 

Bus Direction OUT (Table 1) 

27 

1 

FTOl 

(Enable Memory) Bus To 9403A FIFO Array 

26 

1 

1TI6 

(Enable Memory) Bus To Am29116 Y-Bus 

25 

1 

1T2L 

(Enable Memory) Bus Lower Byte To Am9520 D-Bus 

24 

1 

inn 

(Enable Memory) Bus Upper Byte To Am9520 D-Bus 

23 

1 

mo 

(Enable Memory) Bus To Am9520 REP, P3-P0, & C2-C0 

22 

1 

CE2L 

Clock Enable Am9520 To Lower-Byte Bus Interface 
Register 

21 

1 

mo 

Clock Enable Memory Bus To Am9520 Interface 
Registers 

20 

1 

mo 

Clock Pulse For Am9520 (Microcoded Waveform) 
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TABLES. MICROINSTRUCTION FIELDS(Cont.) 

MICROINSTRUCTION 

FIELD 

MNEMONIC 

DESCRIPTION 

BITS 

WIDTH 




(BITS) 



19 

1 

CRE5 

Command Request (Table 1) 

18 

1 

INPT 

(Enable Serial Data) Input To 9403A FIFO Array 

17-16 

2 

JMPI 

(Enable) Jump Indirect Am29116 Y-Bus (Double-Rail) 

15 

1 

WM 

(Enable Loading Of Buffer) Memory Address Register 

14 

1 

MER 

(Enable Buffer) Memory Read 

13 

1 

mwrt 

(Enable) Memory Write Operation 

12 

1 

OUPT 

(Enable Serial Data) Output From 9403A FIFO Array 

11 

1 

PENE 

Parameter Enable (Table 1) 

10 

1 

twm 

(Enable Setting Of Am9520) P Bits From Am9520 PM Bits 

09 

1 

PFOE 

(Enable) Parallel Fetch From 9403A FIFO Array 

08 

1 

PLOJ 

(Enable) Parallel Load Of 9403A FIFO Array 

07 

1 

FREq 

Parameter Request (Table 1) 

06 

1 

FEES 

Read Gate (Table 1) 

05 

1 

EFTF 

Reset 9403A FIFO Array 

04 

1 

3S5T 

Select/Attention Strobe (Table 1) 

03 

1 

kiREI 

Write Gate (Table 1) 

02-0 

3 

XLAT 

Translate Table Select For Data Compression PROM 


Header Preamble 
Sync Train 

14 Bytes 

Head, Track, and 
Sector Number 

4 Bytes 

CRC-16 

2 Bytes 

Header Postamble 

6 Bytes 


Data Preamble 
Sync Train 

14 Bytes 

Data Segment 

256 Bytes 

56-Bit Modified 
Fire Code 

7 Bytes 

Data Postamble 

5 Bytes 


Figure 11. Header and Data Segments 


SECTIO then (both for reads and for writes) 
uses the Ain29116 to calculate the CRC of the 
header contained in R1 and R2. This CRC is 
saved in R4. 

A search is then made of the entire track 
for a header whose head, track, sector, and 


CRC fields match the contents of Rl, R2, and 
R4. If the search fails, RO is loaded with 
+1 (defective or missing header) and control 
is returned to the calling microprogram. If 
the search is successful, control is passed 
(via (RO) and table BRTABL) to either the 
read sector (RDSECl) or the write sector 
(WRSECl) microcode module. 
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Read Sector Microcode Module (RDSECl) 

This module transfers synchronized 
information, a 16-bit word at a time, from 
the 9403A FIFO array to buffer memory and 
from buffer memory to the Am9520 operating 
in Read High-Speed mode. Since the current 
Am9520 data sheet only guarantees operation 
at 20MHz, some form of buffering must be 
used between the 30MHz disk and the Am9520, 
This is accomplished by using R4 as a memory 
buffer pointer for transfer in from the 
9403A's and R5 as a pointer for transfer out 
to the Am9520. For simplicity in the 
microcode loop, R5 increments at half 
(rather than two-thirds) the rate at which 
R4 increments. 

At the end of the read loop, R5 has advanced 
halfway through the data read in and a 
second loop is executed to process the 
remaining half of the data through the 
Am9520. 

When all the data have been processed by the 
Am9520 Read High-Speed operation, the 
Am9520 error (ER) flag is tested to 
determine whether an error was detected. If 
ER is low (no error), RO is loaded with 0 
(operation completed successfully) and 
control is returned to the calling program. 

If ER is high, error correction is performed 
using the Am9520's correct high speed mode. 
This uses the Chinese Remainder Theorem 
method to calculate the error location (as a 
bit displacement from the end of the data 
segment) and error pattern (a 12 -bit mask). 
The error is corrected by exclusive or-ing 
the error pattern with the 12 -bit data field 
beginning at the error location. The 


capabilities of the Am9520 and the 
properties of the 56-bit modified Fire Code 
polynomial make this correction technique 
extremely fast. Less than 200 microseconds 
are required for a worst-case error location 
and correction using the microcode shown. 

The location of an error burst is calculated 
by: 

L = N X K - (M^ x A^ + 1^2 x A 2 + M3 X 
^3 ^ ^4 ^ ^4^ 

where: 

L is the difference in position between 
the last bit transferred and the 
beginning of the burst error. 

N is the composite period of the 56-bit 
polynomial and is equal to 585,442. 

K is the smallest integer such that L is 
positive. 

Ap A 2 , A 3 , and A^ are Chinese Remainder 
Theorem coefficients: 

A^ = 452,387 
A 2 = 2,521,904 
A 3 = 578,864 
A 4 = 2,647,216 

Mp M 2 , M 3 , and M^ are factor match clock 
counts that are accumulated by the microcode 
while clocking the Am9520 in Correct High- 
Speed mode. For burst errors of length not 
exceeding 11 bits, it can be shown that M^ 
will never exceed 22 (the period of the 
first factor of the 56-bit polynomial); M 2 
will never exceed 13 (period of the second 
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factor); will never exceed 89 (period of 
the third factor); and will never exceed 
23 (period of the fourth factor). 

Consequently, the maximum number of Am9520 
clock cycles needed to locate an 11-bit (or 
shorter) error burst is the sum of the first 
period and the maximum of the remaining 
three periods: 

22 + MAX (13, 89, 23) = 22 + 89 = 111 

It should be noted that the above number of 
Am9520 clock cycles is far less than the 
composite period, 585,442, which is the 
upper limit for correct normal operations 
and is representative of how long a less 
sophisticated part would require to locate 
and correct the error burst. 

To perform error location and correction, 
the Am9520 is placed in correct high-speed 
mode and its clock enable PO is set high for 
factor match clock count M^ accumulation. 
R8 is initialized to 0 to serve as the 
counter. PF^ (the maximum permissible value 
for Mp which will be exceeded only for 
multiple bursts or bursts longer than 11 
bits) is loaded into the accumulator (ACC). 
The EP output is tested. If EP is low, 
alignment exception (AE) is tested while the 
ACC is decremented and the Am9520 is 
clocked. If AE is high, the burst error is 
not on a byte boundary and R8 is incremented 
by 1. If AE is low, R8 is incremented by 8. 
The ACC is now tested. If positive, PFl is 
not exceeded and a loop back to the EP test 
is performed. If negative, an uncorrectable 
error exists; RO is set to +2; and control 
is returned to the calling microprogram. If 
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EP is high, the calculation is complete; 
the error pattern is available; and M 2 
through M^ can now be accumulated. 

The inherent parallelism of the Am9520 is 
then exploited by concurrently accumulating 
M 2 through M^. This reduces the number of 
Am9520 clocks required from the sum of the 
three periods (125) to their maximum (89). 
R9 through Rll serve as the counters for M 2 
through M^. The microprogram flow of 
control reflects the completeness or 
incompleteness of each factor match by 
looping through a jump table indexed by the 
Am9520 Pattern Match (PM 2 through PM^) 
outputs, and by selectively disabling the 
through P^ clock enables with the same PM 2 
through PM^ outputs. This yields eight 
possible paths (Figure 12), in each of which 
the appropriate combination of R9 through 
Rll can be operated upon and tested to see 
if it exceeds period factor limits (i.e., a 
multiple-burst error or an error burst 
longer than 11 bits has been encountered). 

Once M^ through M^ have been obtained, the 
expression: 

(M^ X A^ + M2 X ^2 + M^ X A^ + M^ X A^) 

is evaluated by calling a specialized 
multiply subroutine (MUL) four times. This 
subroutine utilizes the special nature both 
of the period factor values and of the 
Chinese Remainder Theorem coefficients to 
maximize throughput. A specially optimized 
divide subroutine (DIV) is then called to 
calculate: 

(Ml X A^ + M2 X A2 + M^ X A^ + M^ X A^) / 

N 
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leaving a remainder of (-L + N). One 
additional subtract obtains L*. 

The word-boundary address of the error burst 
in buffer memory is extracted from L using 
the Am29116 Rotate and Merge instruction. A 
16-way branch on the low-order 4 bits of L 
is used to enter a table (TAB2) of Rotate 
and Merge instructions. 

These align the error pattern (using a 
single ROTM instruction if the error burst 
does not cross a word boundary and two 
instructions if it does). The error burst 
is then exclusive OR-ed with the aligned 
error pattern; RO is loaded with 0 
(operation completed successfully); and 
control is returned to the calling 
microprogram. 

Write Sector Microcode Module (WRSECl) 

This module transfers information one 16- 
bit word at a time to the 9403A FIFO array. 
The information transferred comprises a 
data preamble (13 all-zero bytes), data sync 
byte (hexadecimal FE), 256 data bytes, 7 
check bytes, and a data postamble (5 all- 
zero bytes). Both the data bytes and the 
check bytes are located in buffer memory, 
beginning at word (R3). (Calculation of the 
check bytes has already occurred at the 
beginning of SECTIO). 

RO is loaded with 0 (operation completed 
successfully) and control is returned to the 
calling program. 


Conclusion 

The high-speed and parallel architecture of 
the Am29116 and Am9520-based controller 
allows handling of high data transfer rate 
disk drives and complex data manipulation 
and management. The availability of cost- 
effective microprogrammable building blocks 
in the Am2900 Family has led to systems with 
increasingly distributed control. This 
allows functions to be performed at system 
locations that optimize overall 
cost/performance. 

Significant improvements in host computer 
system performance can be realized by down¬ 
loading many time-consuming operating 
system tasks into the controller firmware. 
This allows mainstream processing of the 
application programs to proceed with 
minimal I/O overhead. System response is 
enhanced and main storage usage, software 
requirements and system overhead are 
reduced. 


* The method used here to obtain the error 
location is not the only one possible. One 
alternative'is to subtract some form of the 
Chinese Remainder Theorem coefficients 
iteratively instead of multiplying and 
dividing. With each subtraction L would be 
tested. If negative, N would be added to L. 
This approach still exploits the parallel 
nature of the Am9520. 
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AMDOS/29 AMDASM MICRO ASSEMBLER, VI.4 

AM29116 / AM9520 DISK CONTROLLER 9/81 TABLER-KITSON 

; 

; This .DEF file (DISKCTLR.DEF) was created by editing CONTROLR.DEF; 

; by adding DEF and EQU statements, deleting some others, and by 
; changing the basic microword format. The bulk of the effort required 
; to create such a file was considerably reduced by beginning from the 
; "master* file (CONTROLR.DEF) rather than typing a new file from scratch. 

; This particular .DEF file was created for a specific Am29116-Am9520 
t disk controller, described in the AMD application note: 

; "A High-Performance Intelligent Disk Controller," by Otis Tabler and 
; Brad Kitson, to be released by AMD ih early 1962. The source file 
; is DISKCTLR.SRC. 

; 

; The major difference between this DEF file and the CONTROLR.DEF file is 
; the approach to the microprogramming. This file makes heavy use of 
; DEF statement overlays while the other uses the comma-positional 
; notation. The choice is a matter of preference. THE Am29116 MNEMONICS 
; AND INSTRUCTION LAYOUT ARE IDENTICAL IN THESE FILES. 


; This file may also be used as a master file which the user can edit to 
; suit his/her application. 

; Anyone finding an error in this file is requested to send a marked listing 
; or portion thereof to: AMD APPLICATIONS or AMD CUSTOMER EDUCATION CENTER 
; PO BOX 453 MS#70 PO BOX 453 MS#71 

; SUNNYVALE, CA 94086 490-A LAKESIDE DRIVE 

; SUNNYVALE, CA 94086 . 

; Advanced Micro Devices reserves the right to make changes in its product 
; without notice in order to improve design or performance characteristics. 

; The company assumes no responsibility for the use of any circuits or 
; programs described herein. 


Am29116 Mnemonics 


Copyright 


© 


1982 Advanced Micro Devices, 


Inc. 


WORD 


80 


************************************************* 

GENERAL MNEMONICS 

************************************************* 


1 BYTE - WORD 

MODE SELECT [M] 

< - 

— referenced by DEF statements 

B: 

EQU 

IBIO 

; BYTE MODE 

W: 

EQU 

1B«1 

,• WORD MODE 

********* 4r * * 

*************** 

********************** 

; N SELECT [N] 




NO: 

EQU 

HfO 

t 0 

Nl: 

EQU 

H#1 


N2: 

EQU 

Hi2 

; ^ 

N3: 

EQU 

H|3 

; 

N4: 

EQU 

H|4 

; 

N5: 

EQU 

Hi5 

; 

N6; 

EQU 

H|6 

; 

N7: 

EQU 

H#7 

; 

N8: 

EQU 

H|8 

; 

N9: 

EQU 

H#9 

i 

NA: 

EQU 

H«A 

; 

NB: 

EQU 

H#B 

; 

NC: 

EQU 

H«C 

; 

ND: 

EQU 

HID 

; 

NE; 

EQU 

HIE 

; 

NF: 

EQU 

HfF 
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********************* 

32 RAM REGISTERS [R] 


***************************** 


***************************** 
SINGLE OPERAND INSTRUCTIONS 
***************************** 

OPCODES [1] 


RO 


EQU 

5D#0 

R1 


EQU 

5D#1 

H2 


EQU 

5D#2 

R3 


EQU 

5D#3 

R4 


EQU 

5D#4 

R5 


EQU 

5D#5 

R6 


EQU 

5D#6 

R7 


EQU 

5D#7 

R8 


EQU 

5D#8 

R9 


EQU 

5D#9 

RIO; 

EQU 

5D#10 

Rll: 

EQU 

5D#11 

R12: 

EQU 

5D#12 

R13: 

EQU 

5D#13 

R14: 

EQU 

5D#14 

R15: 

EQU 

5D#15 

R16; 

EQU 

5D#16 

R17: 

EQU 

5D#17 

R18: 

EQU 

5D#18 

R19; 

EQU 

5D#19 

R20: 

EQU 

5D#20 

R21; 

EQU 

5D#21 

R22: 

EQU 

5D#22 

R2 3: 

EQU 

5D#23 

R24; 

EQU 

5D#24 

R25; 

EQU 

5D#2 5 

R26: 

EQU 

5D#26 

R27: 

EQU 

5D#27 

R28: 

EQU 

5D#28 

R29: 

EQU 

5D#29 

R30; 

EQU 

5D#30 

R31: 

EQU 

5D#31 


MOVE 

EQU 

H#C 

1100 

MOVE, 


COMP 

EQU 

H#D 

1101 

COMP 


INC: 

EQU 

H#E 

1110 

INC 

INCREMENT 

NEG; 

EQU 

H#F 

1111 

NEG 

INCREMENT COMP 

,• SOURCE-DESTINATION SELECT 

[2] 




SORA 

EQU 

H#0 

RAM 

ACC 


SbRY 

EQU 

H#2 

RAM 

Y BUS 


SORS 

EQU 

H#3 

RAM 

STATUS 


SOAR 

EQU 

H#4 

ACC 

RAM 


SODR 

EQU 

H#6 

D 

RAM 


SOIR 

EQU 

H#7 

I 

RAM 


SOZR 

EQU 

H#8 

0 

RAM 


SOZER: EQU 

H#9 

D(0E) 

RAM 


SOSER; EQU 

H#A 

D(SE) 

RAM 


SORR 

EQU 

H#B 

RAM 

RAM 



. **************************************************** 

SOR: DEF IV, B#10,4V%D#, 4V%D#, 5V%D#,64X 

\ \ \ \ 

MODE,QUAD,OPCODE,SOURCE-DEST,REGISTER 
[M] [1] [2] [R] 

*************************************************** 


SINGLE OPERAND RAM 
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,• SOURCE (R/S) 

C3] 



SOA 


EQU 

H#4 

ACC 

SOD 


EQU 

H#6 

D 

SOI 


EQU 

H#7 - 

I 

SOZ 


EQU 

H«8 

0 

SOZE: 

EQU 

H#9 

D(0E) 

SOSE: 

EQU 

H#A 

D(SE) 

; DESTINATION 

C4] 



NRY 


EQU 

D#0 

; Y BUS 

NRA 


EQU 

D#1 

ACC 

NRS 


EQU 

D#4 

STATUS 

NRAS: 

EQU 

D#5 

ACC,STATUS 


. *************************************************************** 

SONR: DEF IV, Bfll,4V%D#, 4V%D#, 5V%Df,64X ; SINGLE OPERAND NON-RAM 

; MODE,QUAD,OPCODE,SOURCE,DESTINATION 

; CM] [1] C3] [4] 

. *************************************************************** 


*********************************** 
TWO OPERAND INSTRUCTIONS 
*********************************** 


OPCODES [5] 


SUBR; 

EQU 

H#0 

S 

minus R 


SUBRC 

EQU 

H#1 

S 

minus R 

with carry 

SUBS: 

EQU 

H#2 

R 

minus S 

suisc 

EQU 

H#3 

R 

minus S 

with carry 

ADD: 

EQU 

H#4 

R 

plus S 

ADDC: 

EQU 

Hj]5 

R 

plus S with carry 

AND: 

EQU 

H»6 

R 

. S 


NAND: 

EQU 

Hf7 

R 

. S 


EXOR: 

EQU 

H#8 

R 

S 


NOR: 

EQU 

H|C9 

R 

+ S 


OR: 

EQU 

H#A 

R 

+ S 


EXNOR 

EQU 

H#B 

R 

S 


; SOURCE-DESTINATION [6] 


; R 

S 

DEST 

TORAA 

EQU 

H#0 

RAM ACC 

ACC 

TORIA 

EQU 

H#2 

RAM I 

ACC 

TODRA 

EQU 

H#3 

D 

RAM 

ACC 

TORAY 

EQU 

H#8 

RAM ACC 

Y BUS 

TORIY 

EQU 

H#A 

RAM I 

Y BUS 

TODRY 

EQU 

H#B 

D 

RAM 

Y BUS 

TORAR 

EQU 

H#C 

RAM ACC 

RAM 

TORIR 

EQU 

H#E 

RAM I 

RAM 

TODRR 

EQU 

H#F 

D 

RAM 

RAM 


. ************************************************************ 

TORI; DEF IV, B#00,4V%D#, 4V%D#, 5V%D#,64X ; TWO OPERAND RAM (1) 

; MODE,QUAD,SOURCE-DEST,OPCODE,REGISTER 

; CM] C6] [5] [R] 

. ************************************************************ 
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SOURCE-DESTINATION [7] R S DEST 


TODAR: 

EQU 

H#1 

; D 

ACC 

RAM 

TOAIR: 

EQU 

H|2 

; ACC 

I 

RAM 

TODIR; 

EQU 

H#5 

; D 

I 

RAN 


. ************************************************************ 

TOR2: DEF IV, B#10,4V%D#, 4V%D#, SV«D«,64X ; TWO OPERAND RAM (2) 

; 

; MODE,QUAD,SOURCE-DEST,OPCODE,REGISTER 

J IM] [7] [5] [RJ 

. ************************************************************ 

; 

; SOURCE [8] R S 

; 

TODA: EQU H#1 ; D ACC 

TOAI; EQU Hi2 ; ACC- I 

TODI: EQU H#5 ; D I 

; 

j *********************************************************** 

TONR; DEF IV, B#11,4V%D#, 4V%D#, 5V%D#,64X j TWO OPERAND NON-RAM 

; 

; MODE, QUAD,SOURCE,OPCODE,DESTINATION 

; [M] [8] [51 [41 

. *********************************************************** 

. *************************4************************ 

; SHIFT INSTRUCTIONS 

. ************************************************** 

; 

; DIRECTION AND INPUT [9] 

SHUPZ: EQU 

SHUPl: EQU 

SHUPL: EQU 

SHDNZ: EQU 

SHDNl: EQU 

SHDNL; EQU 

SHDNC; EQU 

SHDNOV: EQU 


i SOURCE [10] 

SHRR: EQU H#6 ; RAM RAM 

SHDR; EQU H#7 ; D RAM 


H#0 ) 

! UP 0 

H#1 

! UP 1 

H#2 

; UP QLINK 

H#4 

! DOWN 0 

H#5 

r DOWN 1 

H#6 

r DOWN QLINK 

H#7 

f DOWN QC 

H#8 

; DOWN QN QOVR 


. ***************************************************** 

SHFTR; DEF IV, B#10,4V%D#, 4V%D#, 5V%D#,64X 

; MODE,QUAD,SOURCE,DIRECT-INPT,REGISTER 

; [M] [10] [9] [R] 

. ***************************************************** 


; SOURCE [11] 

SHA: EQU H#6 ; ACC 

SHD: EQU H#7 ; D 


; SHIFT RAM 


. ***************************************************** 

SHFTNR: DEF IV, B#11,4V%D#, 4V%D#, 5V%D#,64X ; SHIFT NON-RAM 

; MODE,QUAD,SOURCE,DIRECT-INP,DESTINATION 

f [M] [11] [9] [4]{NRY; NRAONLY) 

. ***************************************************** 
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j ******************< 

.•ROTATE INSTRUCTIONS 


; SOURCE-DESTINATION (12] 


RTRA: 

EQU 

HIC 

; RAM 

ACC 

RTRY: 

EQU 

HIE 

; RAM 

y BUS 

RTRR: 

EQU 

HIF 

; RAM 

RAM 


. ***************************************************** 

ROTRl: DEF IV, BfOO,4V%D#,4V%Oi, 5V%Di,64X ; ROTATE RAM (1) 

; 

; MODE,QUADrNfSOURCE-DEST,REGISTER 

» (Ml (Ml (121 (R1 

. ***************************************************** 

; 

; SOURCE-DESTINATION (131 

RTAR: EQU H|0 ; ACC RAM 

RTDR: EQU H|1 ; D RAM 


ROTR2; DEF IV, B#01,4V%D|,4V%DI, 5V%Di,64X ; ROTATE RAM (2) 

; MODE,QUAD,N,SOURCE-DEST,REGISTER 

; [Ml [N1 (131 [HI 


; 

; SOURCE DESTINATION (14] 


RTDY; 

EQU 

D«24 

; D 

Y BUS 

RTDA: 

EQU 

DI25 

? D 

ACC 

RTAY: 

EQU 

Dt28 

; ACC 

Y BUS 

RTAA; 

EQU 

DI29 

; ACC 

ACC 


ROTNR: DBF IV, Bil1,4VID#,HiC, 5V%D#,64X ; ROTATE NON-RAM 

'• MODE,QUAD,N, FIXED CODE,DESTINATION 

J (Ml (Ml (141 

. ***************************************************** 
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; BIT ORIENTED 

. ************4 

INSTRUCTIONS 



• OPCODES [15] 

SETNR; 

BQU 

HID 

} SET RAM. BIT N 

RSTNR: 

BQU 

HIE 

f RESET RAN. BIT N 

TSTNR: 

BQU 

HiF 

; TEST RAM, BIT N 


. ******************************************************** 

BORl: DBF IV. BiI1.4V%D«.4V%D«. 5V%D«.64X ; BIT ORIENTED RAN (1) 

; 

; MODE.QUAD.M.OPCODE.REGISTER 

; [M] [N] [15] [R] 


; 

; OPCODES [16] 


LD2NR: 

EQU 

HiC ; 

2*M 

-RAM 

LDC2MR: 

BQU 

H«0 ; 

2'‘N 

-RAM 

A2NR! 

EQU 

H»B 

RAN 

+ 2*N - RAN 

S2NR: 

; 

EQU 

H#F ; 

RAN 

- 2*N - RAM 

} 

. *A**«***AAAJ 

BOR2: DBF IV, 

BtlO,4VtDi,4V%D«, 

r 5V%D«, 

****< 

64X 

1 BIT ORIENTED 


MODE.QUAD.N.OPCODE.REGISTER 
tM] [N] [16] [R] 


; OPCODES [17] 


TSTNA; 

EQU 

D«0 

• TEST ACC, BIT N 

RSTNA; 

EQU 

D#1 

; RESET ACC, BIT N 

SETNA: 

EQU 

D#2 

; SET ACC, BIT N 

A2NA: 

EQU 

D»4 

; ACC * 2“N — ACC 

S2NA: 

EQU 

D#5 

; ACC - 2"N —ACC 

LD2NA: 

EQU 

H«6 

; 2'‘N — ACC 

LDC2NA: 

EQU 

D#7 

; 2*N — ACC 

TSTND: 

EQU 

D«16 

; TEST D, BIT N 

RSTND: 

EQU 

Dil7 

; RESET D, BIT N 

SETND: 

EQU 

Dil8 

; SET D, BIT N 

A2NDY: 

EQU 

Di20 

; D + 2*N — Y BUS 

S2NDy; 

EQU 

DI21, 

; D - 2*N — y BUS 

LD2NY: 

EQU 

Di22 

; 2"N — Y BUS 

LDC2NY; 

EQU 

Di23 

; 2^N — y BUS 


. ********************************************************* 

BONR; DEF IV, B#11.4V%Di,B#1100, 5V%Di,64X ; BIT ORIENTED NON-RAM 

; MODE,QUAD.N,FIXED CODE,OPCODE 

; [M] [N] [17] 
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. ************************************************** 

; ROTATE AND MERGE 

. ************************************************** 

; 

} SOURCE-DEST SELECT [U,S,MASK-DEST] [18] 

; ROT NON-ROT MASK-DEST 


MDAI: 

BQU 

H#7 

; D 

ACC 

I 

MDAR: 

EQU 

Ht8 

; D 

ACC 

RAM 

MDRI; 

EQU 

Hi9 

; D 

RAM 

I 

MDRA: 

EQU 

H#A 

; D 

RAM 

ACC 

MARI; 

EQU 

H«C 

; ACC 

RAM 

I 

MRAI: 

EQU 

H»E 

; RAM 

ACC 

I 


; 


. ********************************************************** 

ROTM; DEF IV, B|01,4V%D#,4V%D|, 5V%D#,64X ;ROTATE AND MERGE 

; 

; MODE,QUAD,N,SOURCE-DEST,REGISTER 

; [M] [N] [18] [R] 

. ********************************************************** 

; 

. ************************************************** 

; ROTATE AND COMPARE 

. *************************************************** 


ROT.SRC(U)-NON ROT.SRC(S)/DEST-MASK(S)[19] 


CDAI; 

EQU 

H#2 

; D 

ACC 

I 

CDRI: 

EQU 

H#3 

; D 

RAM 

I 

CDRA; 

EQU 

H#4 

; D 

RAM 

ACC 

CRAI; 

EQU 

H#5 

; RAM 

ACC 

I 


. ******************************************** 

ROTC; DEF IV, B#01,4V%D#,4V%D#, 5V%D|,64X ; ROTATE AND COMPARE 

; MODE,QUAD,N,SOURCE-DEST-MASK,REGISTER 

; [M] [N] [19] [R] 

. ********************************************* 

. ************************************************** 

,* PRIORITIZE 

. ************************************************** 

,• SOURCE [20] 


PRTIA; 

EQU 

H#7 

; ACC 

PR ID: 

EQU 

H|9 

,* D 

; DESTINATION 

[21] 



PRIA: 

EQU 

H#8 

; ACC 

PRIY: 

EQU 

H#A 

; Y BUS 

PRIR; 

EQU 

HIB 

; RAM 


. *********************************************** 

PRTl: DEF IV, B#10,4V%D#, 4V%Df, 5V%D#,64X ; RAM ADDR MASK(S) 

; MODE,QUAD,DESTINATION,SOURCE,REG-MASK 

; [M] [21] [20] [R] 

. *********************************************** 


DESTINATION [23] 


PR 2A : 

EQU 

H#0 

; ACC 

PR2Y: 

EQU 

H#2 

; Y BUS 

: MASK (S) 

[22] 



PRA: 

EQU 

H«8 

; ACC 

PRZ: 

EQU 

H#A 

; 0 

PR I; 

EQU 

H«B 

; I 


. *********************************************** 

PRT2; DEF IV, B#10,4V%D#, 4V%D#, 5V%D#,64X ; PRIORITIZE RAM 

; MODE,QUAD,MASK,DEST,REG-SOURCE 

' **************I'Jl*******i**l*I**l****lJl******* 


6-95 




















Disk Controller Application Note 


; SOURCE (R) [24] 

ksR: EQU H#3 ; RAM 

PR3A; EQU H#4 ; ACC 

PR3D: EQU H#6 ; D 


. *********************************************** 

PRT3: DEF IV, B#10,4V%D#, 4V%D#, 5V%D#,64X ; PRIORITIZE RAM 

! MODE,QUAD,MASK,SOURCE,REG-DEST 

; [M] [22] [24] [R] 

. *********************************************** 


; SOURCE (R) [25] 

PRTA: EQU H#4 ; ACC 

PRTD; EQU H#6 ; D 

; 

; 

. ********************************************** 

PRTNR: DEF IV, B#11,4V%D#, 4V%D#, 5V%D#,64X ,* PRIORITIZE NON-RAM 

; MODE,QUAD,MASK,SOURCE,DESTINATION 

; [M] [22] [25] [4](NRY,NRA ONLY) 

********************************************** 


. ********************************************** 

; CYCLIC REDUNDANCY CHECK 
. ********************************************** 

. ******************************************* 

CRCF: DEF B#11001100011,5V%D#,64X ; FORWARD 

. ******************************************* 

. ******************************************* 

CRCR: DEF B#11001101001,5V%D#,64X ; REVERSE 

. ******************************************* 


******************************************** 


; NOOP 

. ******************************************** 

NOOP; DEF H#7140,64X ; NO OPERATION 

. ******************************************** 
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STATUS 

A*********************************************** 


OPCODE [26] 


SONZC: 

EQU 

5D#3 

; SET OVR,N,C,Z 

SL: 

EQU 

5D#5 

; SET LINK 

SFl; 

EQU 

5D#6 

; SET FLAG 1 

SF2: 

EQU 

5D#9 

; SET FLAG 2 

SF3: 

EQU 

5D#10 

; SET FLAG 3 

**** 

*************************1 

k******* 

************* 

SETST: 

DEF B#011,H#BA,5V%D#,64X 

; SET 

STATUS 


; OPCODE 

; [26] 

. ************************************************** 


! OPCODE [27] 


RONCZ; 

EQU 

D#3 

; RESET 

OVR,N,C,Z 

RL: 

EQU 

D#5 

; RESET 

LINK 

RFl: 

EQU 

D|6 

; RESET 

FLAG 1 

RF2: 

EQU 

DI9 

; RESET 

FLAG 2 

RF3; 

EQU 

D#10 

; RESET 

FLAG 3 


.**********************;****************************** 

RSTST: DEF B#011,H#AA,5V%D#,64X ; RESET STATUS 


OPCODE 

[27] 

**************************************************** 


**************************************************** 

SVSTR: DEF IV, B#10,H#7A, 5V%D#,64X ; SAVE STATUS-RAM 

; MODE,QUAD,FIXED,RAM ADDRESS/DEST 

; [M] [R] 

. **************************************************** 


.***************************************************** 

SVSTNR: DEF IV, B#11,H#7A, 5V%D|,64X ; SAVE STATUS NON-RAM 

; MODE,QUAD,FIXED,DESTINATION 

; [M] [4](NRy,NRA ONLY) 

. **************************************************** 
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. ************************************************* 

I TEST STATUS 

************************************************* 


OPCODE (CT) 


TNOZ: 

EQU 

D«0 

TEST (N OVR) 

TNO: 

EQU 

D#2 

TEST N OVR 

TZ; 

EQU 

D«4 

TEST 2 

TOVR: 

EQU 

D«6 

TEST OVR 

TLOW: 

EQU 

D«8 

TEST LOW 

TC; 

EQU 

D#10 

TEST C 

TZC; 

EQU 

D«12 

: TEST Z + C 

TN; 

EQU 

D«14 

f TEST N 

TL: 

EQU 

D#16 

f TEST LINK 

TFl: 

EQU 

DI18 

. test flag 1 

TF2; 

EQU 

D#20 

! TEST FLAG 2 

TF3; 

EQU 

D«22 

f TEST FLAG 3 


. ***************************************************** 

TEST: DBF B#011,H#9A,5V%D#,64X ; TEST STATUS 

; 

; FIXED, OPCODE 

[CT] 

. ***************************************************** 


} IMMEDIATE OPERAND 

IMME; DEF 16V%D#, 64X 

CT MULTIPLEXER CONTROL 


CT: DEF 16X, 4V%D#, 60X 

NOZ: EQU H#0 

NO: EQU H#1 

Z: EQU H#2 

OVR: EQU H|3 

LOW: EQU H#4 

C: EQU H#5 

ZC: EQU H#6 

N: EQU H#7 

L: EQU H#8 

FI; EQU H#9 

F2; EQU H#A 

F3: EQU H#B 

; STATUS REGISTER ENABLE 

SRE; DEF 20X, B#l, 59X 

NOSRE: DEF 20X, B#0, 59X 

• OUTPUT ENABLE V 


OEY: DEF 21X, B#0, 58X 

NOOEY: DEF 21X, B#l, 58X 

; INSTRUCTION ENABLE 

lEN; DEF 22X, B#0, 57X 

NOIEN: DEF 22X, B#l, 57X 

; D-I-LATCH ENABLE 


DLE: DEF 23X, B#l, 56X 

NODLE: DEF 23X, B#0, 56X 
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Am2910 COMMANDS AND BRANCH ADDRESSES 
note use of DEF statements - overlay in SRC file 


JZ : 

DEF 

24X, 

H#0. 

10V$Dil023, 

4 2X 




CJS: 

DEF 

24X, 

H#l, 

10V$D#1023, 

42X 




JS : 

DEF 

24X, 

H#l, 

10V$D#1023, 

6Q#36, 

36X 

; UNCONDITIONAL 

JUMP TO SUBR 

JMAP 

DEF 

24X, 

H#2, 

10V$Dil023, 

4 2X 




CJP: 

DEF 

24X, 

H#3, 

10V$D#1023, 

4 2X 




JP: 

DEF 

24X, 

H#3, 

10V$D#1023, 

6Q#36, 

36X 

; UNCONDITIONAL 

JUMP 

PUSH 

DEF 

24X, 

H#4, 

10V$D#1023, 

4 2X 




JSRP 

DEF 

24X, 

H#5, 

10V$D#1023, 

4 2X 




CJV: 

DEF 

24X, 

H#6, 

10V$D#1023, 

4 2X 




JRP: 

DEF 

24X, 

H#7, 

10V$D#1023, 

42X 




RFCT 

DEF 

24X, 

H#8, 

10V$D#1023, 

4 2X 




RPCT 

DEF 

24X, 

H#9, 

10V$D#1023, 

4 2X 




CRTN 

DEF 

24X, 

H#A, 

10V$D#1023, 

42X 




RTN: 

DEF 

24X, 

H#A, 

10V$D#1023, 

6Q#36, 

36X 

; UNCONDITIONAL 

RETURN 

CJPP 

DEF 

24X, 

H#B, 

10V$D#1023, 

4 2X 




LDCT 

DEF 

24X, 

H#C, 

10V$D#1023, 

4 2X 




LOOP 

DEF 

24X, 

H#D, 

10V$D#1023, 

42X 




CONT 

DEF 

24X, 

H#E, 

1DV$D#1023, 

4 2X 




TWB: 

DEF 

24X, 

H#F, 

10V$D#1023, 

I 

1 

4 2X 





NOTE: For proper assembly, a "$" must be used in any field which 
will be used to accept a symbolic address in the SRC file. 


; Am2910 CONDITION CODE SELECTIONS 

IF: DEF 38X, 5V%D#, B#0, 36X 

IFNOT: DEF 38X, 5V%D#, B#l, 36X 


AE20 

EQU 

5Q#10 

CT16 

EQU 

5Q#11 

EP20 

EQU 

5Q#12 

ER20 

EQU 

5Q#13 

FAIL 

EQU 

5Q#14 

RDYI 

EQU 

5Q#15 

RDYO 

EQU 

5Q#16 

SUCC 

EQU 

5Q#17 

ATTN 

EQU 

5Q#20 

BACK 

EQU 

5Q#21 

BUSY 

EQU 

5Q#22 

INDX 

EQU 

5Q#23 

SAMD 

EQU 

5Q#24 

PM2: 

EQU 

5Q#25 

PM3; 

EQU 

5Q#26 

PM4: 

EQU 

5Q#27 


AM9520 ALIGNMENT ERROR FLAG 
AM29116 CONDITIONAL TEST FLAG 
AM9520 ERROR PATTERN FLAG 
AM9520 ERROR DETECTED FLAG 
UNCONDITIONAL FAILURE OF "TEST" 

NOT READY INPUT {DATA UNAVAILABLE FROM FIFOS) 
NOT READY OUTPUT (FIFOS FULL) 

UNCONDITIONAL SUCCESS OF "TEST" 

ATTENTION 

BUS ACKNOWLEDGE 

BUSY 

INDEX 

SECTOR / ADDRESS MARK DETECTED 
AM9520 PATTERN MATCH 2 FLAG 
AM9520 PATTERN MATCH 3 FLAG 
AM9520 PATTERN MATCH 4 FLAG 
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MISCELLANEOUS CONTROL SIGNALS 


ADMC 

DBF 

44X, 

B«0, 

3SX 

; ADDRESS MARK CONTROL 

BFCB: DEF 

45X, 

B#0, 

34X 

; MEMORY BUS FROM DRIVE CONTROL BUS 

BFTP 

DEF 

46X, 

B«0, 

33X 

; MEMORY BUS FROM TRANSLATE PROM 

BF03 

DEF 

47X, 

BIO, 

32X 

; MEMORY BUS FROM 9403AS 

BF16 

DEF 

48X, 

BIO, 

31X 

; MEMORY BUS FROM AM29116 

BF2L 

DEF 

49X, 

B«0, 

30X 

,* MEMORY BUS FROM AM9S20 - LOWER BYTE 

BF2U 

DBF 

SOX, 

B«0, 

29X 

; MEMORY BUS FROM AM9S20 - UPPER BYTE 

BOUT; DEF 

SIX, 

B#0, 

28X 

; (DISK) BUS DIRECTION OUT (FROM CONTROLLER) 

BT03 

DEF 

S2X, 

BIO, 

■27X 

; MEMORY BUS TO 9403AS 

BTi6 

DEF 

S3X, 

BlO,' 

26X 

; MEMORY BUS TO AM29116 

BT2L 

DBF 

54X, 

B«0, 

25X 

} MEMORY BUS TO AM9520 - LOWER BYTE 

BT2U 

DEF 

55X, 

BIO, 

24X 

; MEMORY BUS TO AM9520 - UPPER BYTE 

BT20 

DBF 

56X, 

BIO, 

23X 

; MEMORY BUS TO AM9520 - CONTROL INFORMATION 

CB2L: DEF 

57X, 

BIO, 

22X 

} CLOCK ENABLE AM9520 TO LOWER-BYTE BUS INT. 

CE20 

DEF 

sex. 

BIO, 

21X 

; CLOCK ENABLE MEMORY BUS TO AM9S20 TRANSFER 

CP20 

DBF 

59X, 

B|0, 

20X 

; Clock pulse (actual waveform) for am9S20 

CREQ 

DEF 

60X, 

BIO, 

19X 

; COMMAND REQUEST 

INPT: DEF 

61X, 

BIO, 

18X 

; INPUT SERIAL DATA TO 9403AS 

JMPI 

DEF 

62X, 

BIOl, 

16X 

; JUMP INDIRECT AM29116 REGISTER 

NOJMPI: DEF 

62X, 

BIIO, 

16X 

; NO INDIRECT JUMP 

MADR 

DEF 

64X, 

BIO, 

ISX 

; MEMORY ACCESS 

MREA 

DBF 

6SX, 

BlO, 

14X 

; MEMORY ADDRESS 

MWRT 

DEF 

66X, 

BIO, 

13X 

; MEMORY WRITE 

OUPT 

DEF 

67X, 

BIO, 

12X 

; OUTPUT SERIAL DATA FROM 9403AS 

PENB 

DEF 

68X, 

BIO, 

IIX 

; PARAMETER ENABLE 

PFPM 

DEF 

69X, 

BIO, 

lOX 

; SET 9520 P BITS FROM 9520 PM BITS 

PF0 3 

DEF 

70X, 

BIO, 

9X 

; PARALLEL FETCH FROM 9403AS 

PL03 

DEF 

71X, 

BIO, 

8X 

; PARALLEL LOAD INTO 9403AS 

PREQ 

DEF 

72X, 

B|0, 

7X 

; PARAMETER REQUEST 

RDGA 

DEF 

73X, 

BIO, 

6X 

; READ GATE 

RFIF 

DEF 

74X, 

BIO, 

SX 

; RESET FIFO 

SAST 

DEF 

7SX, 

BIO, 

4X 

; SELECT / ATTENTION STROBE 

WRGA 

DEF 

76X, 

BIO, 

3X 

; WRITE GATE 

i 

ASCEBC: EQU 

QiO 



; ASCII TO EBCDIC SUBSET PREFIX 

BCDEBC; EQU 

on 



; BCD TO EBCDIC SUBSET PREFIX 

EBCASC: EQU 

Q#2 



; EBCDIC SUBSET TO ASCII PREFIX 

EBCBCD: EQU 

Q#3 



; EBCDIC SUBSET TO BCD PREFIX 

XLAT 

DEF 

77X, 

3V%D| 


; TRANSLATE PREFIX 


END 

TOTAL PHASE 1 ERRORS » 0 
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! CREATED 9/81 TABLER-KITSON 

; 

; 

; This SRC file was created for the AMD application note; 

; "A High-Performance Intelligent Disk Controller" 

; by Otis Tabler and Brad Kitson. 

; 

; Mnemonics and word format are defined in DISKCTLR.DEF 

} Advanced Micro Devices reserves the right to make changes in its 
; product without notice in order to improve design or performance 
; characteristics. The company assumes no responsibility for the 
; use of any circuits or programs described herein. 

; Am29116 Mnemonics Copyright 1982 Advanced Micro Devices 

; 

7 

7 

; SECTOR READ / WRITE SUBROUTINE 

.****************************************** 

S INPUTS: 

7 

; FUNCTION CODE IN RO; 

; 0 TO READ SECTOR 

J +1 TO WRITE SECTOR 

i HEAD NUMBER IN MSB OF R1 

} MSB OF TRACK NUMBER IN LSB OF R1 

5 LSB OP TRACK NUMBER IN MSB OF R2 

1 SECTOR NUMBER IN LSB OP R2 

7 

; START ADDRESS OF RAM SECTOR BUFFER IN R3 
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OUTPUT: 


RO CONTAINS: 


0 


+1 


; +2 
; 

; 

; ADDITIONAL MNEMONICS 

. ********************* 


IF THE FUNCTION SPECIFIED WAS COMPLETED 
EITHER WITHOUT ERROR OR WITH A 
SUCCESSFULLY CORRECTED READ ERROR 

IF THE SECTOR'S HEADER IS BAD 

IF AN UNCORRECTABLE ERROR WAS DETECTED IN 
READING THE SECTOR'S DATA SEGMENT 


cool 

CRCMSK; 

EQU 

I€H«8005 

; CRCF POLYNOMIAL MASK 

0010 

CRCNIT: 

EQU 

16 

; CRCF NUMBER OF ITERATIONS (D#16 <— default bas. 

0040 

NSPASS: 

1 

EQU 

64 

; NUMBER OF SECTOR PASSES (SET THIS EQUAL 

TO THE NUMBER OP SECTORS PER TRACK.) 

0041 

RDITCT: 

; 

EQU 

65 

; READ ITERATION COUNT, EQUAL TO THE NUMBER 
; OP 16-BIT WORDS (DATA PLUS MODIFIED FIRE 
; CODE) PER SECTOR, DIVIDED BY TWO, MINUS 1. 

0016 

PPl: 

EQU 

22 

i PERIOD FACTOR ONE 

OOOD 

PP2: 

EQU 

13 

; PERIOD FACTOR TWO 

0059 

PF3: 

EQU 

89 

; PERIOD FACTOR THREE 

0017 

PP4: 

EQU 

23 

; PERIOD FACTOR FOUR 

E723 

AILSW: 

EQU 

H#E723 

; A1 CONSTANT(LEAST SIG. WORD) 

0006 

AIMSW: 

EQU 

6 

; A1 CONS.(MOST SIG. WORD) 

BFA8 

A2LSW; 

EQU 

H#BPA8 

; A2 CONS.(LEAST SIG. WORD) 

D530 

A3LSW: 

EQU 

H#D530 

; A3' CONS.(LEAST SIG. WORD) 

A928 

A4LSW: 

; 

EQU 

H#A928 

; A4' CONS.(LEAST SIG. WORD) 

7100 

KL128: 

EQU 

H#7100 

; K(LEAST SIG. WORD) SHIFTED UP 
; BY SEVEN PLACES 

0477 

KM128: 

EQU 

H#0477 

; K(MOST SIG. WORD) SHIFTED UP 
; BY SEVEN PLACES. 

EEE2 

KLSW: 

EQU 

H#EEE2 

; K(LEAST SIG. WORD) 

0008 

KMSW; 

EQU 

8 

; K(MOST SIG. WORD) 
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IF THE FUNCTION CODE IN RO EQUALS *1 (WRITE SECTOR), PRECALCULATE 
THE MODIFIED FIRE CODE'S PARTIAL CHECKSUM FOR THE FIRST HALF OF 
THE DATA SEGMENT TO BE WRITTEN. 


0000 SECTIO: BOR2 


&NODLE 

4CT 

&IFNOT 


W,0,S2NR,R0 

&MOIEM (NOOEY &NOSRE |<- 
Z &NOJMPI ; 

CT16 &CJP CFCODE ; 


note use of overleyed 
DBF statements 
signified by 


RESET THE AM9S20 AND THEN PLACE IT IN COMPUTE CHECK BITS MODE. 
INITIALIZE COUNTER FOR CHECK BITS PRECALCULATION LOOP. 


SONR 

&NODLE 

&NOJMPI 

&CONT 

IMME 

&NODLB 

&BT20 

4C0NT 

SONR 

&NODLE 

&NOJMPI 

iCONT 


W,MOVE,SOI,NRY 
&MOIEN &OEY 


HfOOOO 

&NOIBN &OEY 
&NOJMPI 


W,MOVE,SOI,NRY 
&NOIEN aOEY 


IMME HfOOlO 
&NODLE &NOIEN &OEY 
&BT20 &NOJMPI 
&LDCT 127 


(R3) TO R4 

SOR W,MOVE,SORY,R3 
&DLE &NOIEN &OEY 
&NOJMPI 
&CONT 

SOR W,MOVE,SODR,R4 
&NODLE &IEN , &NOOBT 
&NOJMPI 
&CONT 


BEGIN CHECK BITS PRECALCULATION LOOP. 
(R4) TO THE MAR. 


0007 PCPREL: 

SOR 

W,MOVE,! 

/ 

&NODLE 

&NOIEN 

/ 

&MADR 

&NOJMPI 

/ 

&CONT 


; 

; 

CLOCK THE LESS ! 

' 

NOOP 


0008 / 

&NOOLB 

&NOIEN 

/ 

&BT2L 

&NOJNPI 

/ 

&CONT 


f 

NOOP 


0009 / 

&NODLE 

&NOIEN 

/ 

&CP20 

6N0JMPI 

/ 

&CONT 



; NOOP FOR TIMING PURPOSES 

; 

NOOP 

OOOA / &NODLE &NOIEN &NOOEY &NOSRE 

/ &NOJMPI 

/ &CONT 


; CLOCK THE MORE SIGNIFICANT BYTE OP (.(MAR)) INTO THE AM9520. 

i 

NOOP 

OOOB / &NODLE &NOIEN &NOOBY &NOSRE 

/ &BT2U &NOJMPI 

/ SCONT 


INCREMENT (R4). 

END CHECK BITS PRECALCULATION LOOP. 


SOR 

&NODLE 

&CP20 

S.RPCT 


W,INC,SORR,R4 
&IEN ANOOEY 
&NOJMPI 
PCPREL 
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GOOD 

OOOE 

OOOF 

0010 

0011 

0012 

0013 

0014 

0015 

0016 

0017 

0018 

0019 


PLACE THE AM9520 IN WRITE CHECK BITS MODE. 

INITIALIZE COUNTER FOR STORE CpCK BITS IN BUFFER LOOP. 

SONR W,MOVE,SOI,NRY 
/ &NODLE &NOIEN &OEY &NOSRE 

/ &NOJMPI 

/ S.CONT 

IMME H#0011 

/ &NODLE &NOIEN &OEY &NOSRE 

/ &BT20 &NOJMPI 

/ &LDCT 2 


; BEGIN STORE CHECK BITS IN BUFFER LOOP. 

; (R4) TO THE MAR. 

; CLOCK OUT NEXT MODIFIED FIRE CODE BYTE TO THE 

; LESS-SIGNIFICANT MEMORY BUS INTERFACE REGISTER. 

SCBIBL: SOR W,MOVE,SORY,R4 
/ &NODLE &NOIEN &OEY &NOSRE 

/ &CP20 &MADR &NOJMPI 

/ &CONT 

NOOP 

/ &NODLE &NOIEN &NOOEY &NOSRE 

/ &CE2L &NOJMPI 

/ &CONT 


; NOOP FOR TIMING PURPOSES 

NOOP 

/ &NODLE &NOIEN &NOOBY &NOSRE 

/ &NOJMPI 

/ &CONT 


; CLOCK OUT NEXT MODIFIED FIRE CODE BYTE TO THE 

; MORE-SIGNIFICANT MEMORY BUS INTERFACE REGISTER. 

NOOP 

/ &NODLE &NOIEN &NOOEY &NOSRE 

/ &CP20 &NOJMPI 

/ &CONT 


; NOOP FOR TIMING PURPOSES 

NOOP 

/ &NODLE &NOIEN &NOOEY &NOSRE 

/ &NOJMPI 

/ StCONT 


/ 

/ 

/ 


/ 

/ 

/ 


/ 

/ 

/ 


/ 

/ 

/ 


(BUS INTERFACE REGISTER PAIR) TO (MAR). 
INCREMENT (R4). 

END STORE CHECK BITS IN BUFFER LOOP. 

SOR W,INC,SORR,R4 
&NODLE &IEN &NOOEY &NOSRE 

&BF2L &BF2U &MWRT &NOJMPI 

SRPCT SCBIBL 


ZERO THE UPPER BYTE OF (R5) AND THEN CLOCK THE 7TH AND LAST 
BYTE OF THE MODIFIED FIRE CODE INTO iTS LOWER BYTE. 


SOR 

W,MOVE, 

SOZR,R5 


&NODLE 

&IEN 

&NOOEY 

&NOSRE 

&CP20 

&CONT 

&NOJMPI 



NOOP 

&NOOLE 

&NOIEN 

SiNOOEY 

&NOSRE 

&CE2L 

SiCONT 

&NOJMPI 



SOR 

B,MOVE, 

SODR,R5 


&DLE 

&IEN 

&NOOEY 

&NOSRE 

&BF2L 

&CONT 

&BT16 

&NOJMPI 



; 

; (R4) TO MAR. 

SOR W,MOVE,SORY,R4 
/ &NODLE &NOIEN &OEY &NOSRE 

/ &MADR &NOJMPI 

/ &CONT 


; (R5) TO (MAR). 

SOR W,MOVE,SORY,R5 
/ &NODLE &NOIBN &OEY &NOSRE 

/ &BF16 &MWRT &NOJMPI 

/ &CONT 
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^ CONVERT THE FUNCTION CODE IN RO TO A MICROCODE BRANCH ADDRESS. 

SONR W,MOVE,SOI,NRA 
&NODLE 6IEN &NOOEy &NOSRE 
SNOJMPl 
SCONT 

IMME BRTABL 

6NODLE &IEN 6NOOBY &NOSRE 
&NOJMPI 
fiCONT 

TORI W,ADD,TORAA,RO 
&MODLE 61EM 6N00BY &NOSRE 
6MOJMPI 
6C0NT 


CRCF POLYNOMIAL MASK TO ACC. 

SONR W,MOVE,SOI,NRA 

6N00LE 6IEN 6NOOBY 6NOSRE 

6NOJMPI 

6C0NT 

IMME CRCMSK 

6N0DLE 6IBM 6NOOEY &NOSRE 

6N0JMPI 

6C0NT 


CLEAR REGISTER USED TO ACCUMULATE CRCF. 

OOIF SOR W,MOVE,SOZR,R4 

/ 6N0DLE 6IBM 6NOOEY &NOSRE 

/ 6N0JMPI 

/ 6C0NT 


COPY HEAD BYTE AND TRACK BYTE 1 TO R5. 
SET CRCF LOOP COUNTER. 

SOR W,MOVE,SORY,Rl 

&DLE 6IBM &NOOEY &NOSRE 

&NOJMPI 

SLDCT CRCNIT 


SOR W,MOVE,SODR,R5 

&NODLB &IBN &NOOEY &NOSRE 

SNOJMPl 

SCONT 


; SHIFT R5 AND SET QLINK. 

0022 CRCFLl: SHFTR W,SHUPZ,SHRR,R5 

/ SNODLE SIBN SNOOEY SNOSRE 

/ SNOJMPl 

/ SCONT 


; ACCUMULATE CRCF. 

I 

0023 CRCF R4 

/ SNODLE 6IBM SNOOEY SNOSRE 

/ SNOJMPl 

/ SRPCT CRCFLl 


COPY TRACK BYTE 2 AND SECTOR BYTE TO R5. 
; SET CRCF LOOP COUNTER. 

; 

0024 SOR W,MOVE,SORY,R2 

/ SDLE SIEN SNOOEY SNOSRE 

/ SNOJMPl 

/ SLDCT CRCNIT 

; 

0025 SOR W,MOVE,SODR,R5 

/ SNODLE 6IBN SNOOEY SNOSRE 

/ SNOJMPl 

/ SCONT 


SHIFT RS AND SET QLINK. 

SHFTR W,SHUPZ,SHRR,R5 
SNODLE 6IBN SNOOEY SNOSRE 

SNOJMPl 
SCOMT 


; ACCUMULATE CRCF. 

0027 ' CRCF R4 

/ SNODLE SIEN SNOOEY SNOSRE 

/ SNOJMPl 

/ SRPCT CRCFL2 


; 

0026 CRCFL2: 

/ 

/ 

/ 

I 


0020 

/ 

/ 

/ 

; 

0021 

/ 

/ 

/ 


OOID 

/ 

/ 

/ 

i 

OOIB 

/ 

/ 

/ 

; 


; 

OOIA CFCODE; 

/ 

/ 

/ 

I 

OOIB 

/ 

/ 

/ 

; 

OOIC 

/ 

/ 

/ 

; 
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I 

; INITIALIZE SECTOR PASS LOOP COUNTER. 

; ENTER INPUT MODE. 

; TURN ON READ GATE. 


NOOP 

0028 / &NODLE &NOIEN SiNOOEY &NOSRE 

/ &INPT SNOJMP: SiRDGA 

/ &LDCT NSPASS 


; BEGIN SECTOR PASS LOOP. 

TURN ON ADDRESS MARK CONTROL. 

} RESET BYTE SYNC ACQUISITION CIRCUITRY AND FIFO ARRAY.' 


0029 

SECTLlj 

/ 

NOOP 

&NODLE 

SNOIEN 

&NOOEY 

&NOSRE 


/ 

&ADMC 

S.iNPT 

&NOJMPI 

&RDGA &RFIF 


/ 

; 

&C0NT 

PASS WHEN ADDRESS MARK 

DETECTED. 

002A 

/ 

NOOP 

&NOOLE 

&NOIEN 

&NOOEY 

&NOSRE 


/ 

&ADMC 

&INPT 

StNOJMPI 

&RDGA 


/ 

&IFNOT 

SAMD 

&CJP 

$ 


TURN OFF ADDRESS MARK CONTROL. 

PASS WHEN INPUT AVAILABLE FROM FIFO ARRAY. 


002B / 

NOOP 

&NODLE 

SNOIEN 

&NOOEY 

&NOSRE 

/ 

&INPT 

&NOJMPI 

&RDGA 


/ 

&IFNOT 

RDYI 

&CJP 

$ 


INPUT RECORDED HEAD NUMBER AND MSB OF RECORDED TRACK NUMBER 
TO R5 AND D-LATCH. 

PASS WHEN INPUT AVAILABLE FROM FIFO ARRAY. 


002C 



SOR 

W,MOVE, 

SODR,R5 





/ 

&DLE 

&IEN 

SNOOEY 

SNOSRE 




/ 

&BF03 

&BT16 

SINPT 

SNOJMPI 

SRDGA 





&IFNOT 

RDYI 

SCJP 

$ 






COMPARE 

THE CONTENTS OF 

R1 AND 

R5. 





IF THEY 

DISAGREE, EXAMINE THE NEXT SECTOR, 

002D 



TORI 

W,EXOR, 

TODRR,Rl 





/ 

&NODLE 

SNOIEN 

SNOOEY 

SSRE 

SCT 

Z 


/ 

&INPT 

SNOJMPI 

SRDGA 





/ 

&IF 

CT16 

SCJP 

SECTL2 




INPUT LSB OF RECORDED TRACK NUMBER AND RECORDED SECTOR NUMBER 
TO R5 AND D-LATCH. 

PASS WHEN INPUT AVAILABLE FROM FIFO ARRAY. 


NOOP 

002E / &NODLE &NOIEN &NOOEY &NOSRE 

/ &PF03 S.INPT SNOUMPI &RDGA 

/ &CONT 


002F 

/ 

/ 

/ 


SOR W,MOVE,SODR,R5 
&DLE &IEN &NOOEY 

&BF03 &BT16 &INPT 

&IFNOT RDYI &CJP 


&NOSRE 

S.NOJMPI &RDGA 
$ 
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0030 


0031 


0032 


0033 


0034 


0035 


0036 


0037 


; COMPARE THE CONTENTS OF R2 AND R5; 

; IF THEY DISAGREE, EXAMINE TRE NEXT SECTOR. 

TORI W,EXOR,TODRR,R2 
/ &NODLE &NOIEN &NOOEY &SRE 

/ &PF03 &INPT &NOJMPI &RDGA 

/ &IP CT16 &CJP SECTL2 


; INPUT RECORDED CRCF BYTES 1 AND 

; 

SOR W,MOVE,SODR,R5 

/ &DLE &IEN &MOOEY &NOSRE 

/ &BF03 &BT16 &INPT &NOJMPI 

/ 6C0NT 

; 

; 

; COMPARE THE TWO CROPS. 

; IF THEY AGREE, PROCEED TO READ OR WRITE AS SPECIFIED BY RO. 

; OTHERWISE, ASSUME BAD HEADER, TRUE ID UNKNOWN, 

; AND CONTINUE LOOP. 

; 

TORI W,EXOR,TODRR,R4 

/ &NODLE &NOIEN &NOOEY &SRE &CT Z 

/ &INPT &NOJMPI &RDGA 

/ &IP CT16 &CJP MATCHl 


7 TURN OFF READ GATE. 

; LEAVE INPUT MODE. 

; END SECTOR PASS LOOP. 

; NOTICE WE HAVE THREE MICROINSTRUCTION CLOCKS LEFT BEFORE 

; IT IS TIME TO BEGIN WRITING OR RE-SYNC AND BEGIN READING. 

; 

SECTL2: SOR W,MOVE,SORY,RO 

/ &NODLE &NOIEN &NOOEY &NOSRE 

/ &NOJMPI 

/ &RPCT SECTLl 


; IF SECTOR SEARCH COUNT EXHAUSTED, LOAD +1 INTO RO AND RETURN 

BOR2 W,LD2NR,0,R0 
/ &NODLE &IEN &NOOEY &NOSRE 

/ &NOJMPI 

/ &RTN 


; SUCCESSFUL MATCH. 

MATCHl: SOR W,MOVE,SORY,RO 

/ &NODLE &NOIEN &OEY ?iNOSRE 

/ &JMPI 

/ &CONT 

; 

BRTABL: SOR W,NEG,SORA,R3 

/ &NODLE &IEN &NOOEY &NOSRE 

/ &NOJMPI SRFIF 

/ &JP RDSECl 

7 

SOR W,NEG,SORA,R3 

/ &NODLE &IEN &NOOEY &NOSRE 

/ &NOJMPI &RF1F 

/ &JP WRSECl 


&CT Z 

0 TO R5 AND D-LATCH. 

&RDGA 
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; READ SECTOR 

(R3) TO R4 AND MAR. 

; ENTER INPUT MODE AGAIN. 

; TURN READ GATE BACK ON. 

INITIALIZE COUNTER FOR READ DATA SEGMENT LOOP. 

; DURING THAT LOOP, AM9520 READ HIGH SPEED IS PERFORMED ON THE 

; FIRST HALF OF THE SEGMENT BUFFER. THE SECOND HALF OF THE BUFFER 

; IS PROCESSED BY THE AM9520 IN THE READ HIGH SPEED COMPLETION LOOP. 

0038 RDSECl: SOR W,NBG,SOAR,R4 

/ &NOOLE &IEN &OEy &NOSRE 

/ &IMPT &NOJMPI &MADR &RDGA &RFIF 

/ &LDCT RDITCT 


; {R3) - 1 TO R5. 

PASS WHEN INPUT AVAILABLE FROM FIFO ARRAY. 

SOR W,COMP,SOAR,R5 
&NODLE &IEN &NOOEY &NOSRE 
&INPT &NOJMPI &RDGA 
SIFNOT RDYI SCJP $ 


; RESET THE AM9520 AND THEN PLACE IT IN READ HIGH SPEED MODE. 

003A * SONR W,MOVE,SOI,NRY 

/ &NODLE &NOIEN &OEY &NOSRE 

/ &1NPT &NOJMPI &RDGA 

/ 5.CONT 

003B ' IMME -H#0003 

/ &NODLE &NOICN &OEY &NOSRE 

/ &INPT &NOJMPI &RDGA 

/ &CONT 

003C ' SONR W,MOVE,SOI,NRY 

/ S.NODLE &NOIEN &OEY &NOSRE 

/ &INPT S.NOJMPI &RDGA 

/ S.CONT 

003D ' IMME H#0013 

/ &NODLE &NOIEN &OEY &NOSRB 

/ S.BT20 SINPT &NOJMPI &RDGA 

/ &CONT 

NOOP 

003E / &NODLE &NOIBN &NOOEY &NOSRE 

. / &INPT &NOJMPI &PF03 &RDGA 

/ &CONT 
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; BEGIN READ DATA SEGMENT LOOP. 

; TRANSFER NEXT WORD FROM FIFO ARRAY TO (MAR). 

; PASS WHEN FIFO INPUT AGAIN BECOMES AVAILABLE. 

RDSEC2: NOOP 

003F / &NODLE &NOIEN &NOOEY &NOSRE 

/ fiBP03 &INPT S.NOJMPI &MWRT &RDGA 

/ &IFNOT RDYI SCJP $ 


; INCREMENT (RS) AND TRANSFER THIS TO THE MAR. 

f 

0040 SOR W,INC,SORR,R5 

/ &NODLE &IEN &OEY &NOSRE 

/ SiINPT &NOJMPI &MADR &RDGA 

/ &CONT 


CLOCK LESS SIGNIFICANT BYTE OF ((MAR)) INTO THE AM9520. 
INCREMENT (R4) AND TRANSFER THIS TO THE MAR. 


0041 SOR W,INC,SORR,R4 

/ S.NODLE &IEN &OEY &NOSRE 

/ &BT2L S.CP20 &INPT &NOJMPI &MADR &MREA SPF03 S.RDGA 

/ &CONT 


; TRANSFER NEXT WORD FROM FIFO ARRAY TO (MAR). 

; PASS WHEN FIFO INPUT AGAIN BECOMES AVAILABLE. 

NOOP 

0042 / &NODLE &NOIEN &NOOEY &NOSRE 

/ S.BF03 &INPT fi.NOJMPI &MWRT &RDGA 

/ &IFNOT RDYI &CJP $ 


; TRANSFER (R5) TO THE MAR AGAIN. 

0043 ' SOR W,MOVE,SORR,R5 

/ &NODLE &IEN &OEY &NOSRE 

/ SINPT &NOJMPI &MADR &RDGA 

/ &CONT 


; THIS TIME, CLOCK THE MORE SIGNIFICANT BYTE OF ((MAR)) 

; INTO THE AM9520. 

; END READ DATA SEGMENT LOOP. 

; 

0044 SOR W,INC,SORR,R4 

/ S.NODLE S.IEN &OEY &NOSRE 

/ &BT2U &CP20 &INPT &NOJMPI &MADR &MREA &PF03 &RDGA 

/ &RPCT RDSEC2 


INITIALIZE COUNTER FOR READ HIGH SPEED COMPLETION LOOP. 
NOOP 

0045 / SNODLE &NOIEN StNOOEY &NOSRE 

/ &NOJMPI 

/ &LDCT RDITCT 
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» 

; BEGIN READ HIGH SPEED COMPLETION LOOP. 

; INCREMENT (R5) AND TRANSFER THIS TO THE MAR. 


0046 RDSEC3; SOR W,INC,SORR,R5 

/ &NODLE &IEN &OEY &NOSRE 

/ &NOJMPI &MADR 

/ &CONT 


0047 / 
/ 
/ 
; 
; 


0048 / 
/ 
/ 


NOOP FOR TIMING PURPOSES 
NOOP 

&NODLE &NOIEN &NOOEY &NOSRE 

&NOJMP1 

SiCONT 


CLOCK LESS SIGNIFICANT BYTE OF ((MAR)) INTO THE AM9520. 
NOOP 

&NODLE &NOIEN &NOOEY &NOSRE 
&BT2L &CP20 &NOJMPI &MREA 
&CONT 


0049 / 
/ 
/ 


NOOP FOR TIMING PURPOSES 
NOOP 

&NODLE &NOIEN &NOOEY &NOSRE 

&NOJMPI 

&CONT 


NOOP FOR TIMING PURPOSES 


NOOP 

004A / S.NODLE &NOIEN &NOOEY &NOSRE 

/ &NOJMPI 

/ &CONT 


CLOCK MORE SIGNIFICANT BYTE OF ((MAR)) INTO THE AM9520. 
END READ HIGH SPEED COMPLETION LOOP. 


NOOP 

004B / &NODLE &NOIEN «,NOOEY &NOSRE 

/ &BT2U &CP20 &NOJMPI &MREA 

/ &RPCT RDSEC3 


004C / 
/ 
/ 


WAS AN ERROR DETECTED BY THE AM952()? 
NOOP 

S.NODLE ' &NOIEN &NOOEY SiNOSRE 
S.NOJMPI 

&IF ER20 &CJP RDSEC4 


NO; LOAD 0 INTO RO AND RETURN. 


004D 

/ 

/ 

/ 


SOR W,MOVE,SOZR,RO 

&NODLE &IEN &NOOEY S.NOSRE 

&NOJMPI 

&RTN 


YES; IF THE ERROR IS A CORRECTABLE ONE, LOCATE AND CORRECT IT. 
THE ERROR IS LOCATED USING THE CORRECT HIGH SPEED EQUATION: 

L=NK - (MlAl + M2A2 + M3A3 + M4A4) 


; WHERE K,AL,A2,A3,A4 ARE CONSTANTS 

; AND Ml,M2,M3,M4 MUST BE CALCULATED. 

; THE ERROR IS CORRECTED BY PERFORMING AN EXOR 

; FUNCTION ON THE BURST ERROR IN MEMORY WITH AN 

; ERROR PATTERN(EP) PROVIDED BY THE BEP(9520). 


; INITIALIZE CORRECT HIGH SPEED,SET P0=1,& REP=1 
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004E 


004F 


0050 


0051 


0052 


0053 


0054 


0055 


0056 


RDSEC4: 

SONR 

W,MOVE 

,SOI,NRY 


/ 

&NODLB 

&NOIEN 

S.OEY 

StNOSRE 

/ 

&NOJMPI 




/ 

&CONT 




' 

IMME 

H#001F 



/ 

&NODLE 

&NOIEN 

&OEY 

&NOSRE 

/ 

StNOJMPI 

StBT20 

&BF16 


/ 

S.CONT 




; 

CLEAR R8(M1). 



i 

SOR 

W,MOVE 

SOZR,R8 


/ 

&NODLE 

StIEN 

&NOOEY 

StNOSRE 

/ 

SiNOJMPI 




/ 

SiCONT 




; 

PERIOD 

FACTOR l(PPl) TO 

ACC. 


SONR 

W,MOVE 

SOI,NRA 


/ 

StNODLE 

StIEN 

&NOOEY 

&NOSRE 

/ 

StNOJMPI 




/ 

StCONT 




' 

IMME 

PFl 



/ 

StNODLE 

StIEN 

StNOOEY 

SiNOSRE 

/ 

StNOJMPI 




/ 

StCONT 





TEST FOR ERROR 

PATTERN 

PRESENT, 

Ml: 

NOOP 




/ 

StNODLE 

StNOIEN 

StNOOEY 

StNOSRE 

/ 

&NOJMPI 




/ 

S.IF 

EP20 

SiCJP 

M234I 

; 

EP NOT 

PRESENT 




; DECREMENT ACC. 

; TEST FOR ALIGNMENT EXCEPTION(AE). 

BONR W,0,S2NA 

/ &NODLE StlEN &NOOEY &SRE 

/ &NOJMPI &CP20 

/ &IF AE20 SiCJP AE 


; AE NOT PRESENT, 

; ADD 8 TO R8. 

; 

BOR2 W,3,A2NR,R8 

/ StNODLE &IEN SNOOEY &NOSRE 

/ &NOJMPI 

/ &JP LINK 


; AE PRESENT; 

; INC R8. 

AE: BOR2 W,0,A2NR,R8 

/ &NODLE &IEN &NOOEY &NOSRE 

/ StNOJMPI 

/ &CONT 
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; TEST FOR PERIOD FACTOR EXCEEDED (UNCORRECTABLE ERROR). 

LINK; NOOP 

0057 / &NODLE &NOIEN &NOOEY &NOSRE &CT N 

/ &NOJMPI 

/ &IFNOT CT16 &CJP Ml 


; PERIOD FACTOR EXCEEDED (UNCORRECTABLE ERROR); 

SET RO = 2. 

RETURN. 

; 

0058 ERR: BOR2 W,1,LD2NR,R0 

/ &NODLE &IEN &OEY &NOSRE 

/ &NOJMPI &BT20 &BF16 

/ &RTN 


; EP PRESENT, CALCULATE M2,M3,M4. 

; PERIOD FACTOR 2(PF2) TO R9(M2). 

; PERIOD FACTOR 3(PF3) TO RIO(M3). 

; PERIOD FACTOR 4(PF4) TO R11(M4). 

; 

0059 M234I: SOR W,MOVE,SOI,R9 

/ &NODLE &IEN &NOOEY &NOSRE 

/ &NOJMPI 

/ &CONT 

; 

005A IMME PF2 

/ &NODLE &IEN &NOOEY &NOSRE 

/ &NOJMPI 

/ &CONT 

005B SOR W,MOVE,SOI,RIO 

/ &NODLE &IEN &NOOEY &NOSRE 

/ &NOJMPI 

/ &CONT 

; 

005C 

/ 

/ 

/ 

005D SOR W,MOVE,SOI,Rll 

/ &NODLE &IEN SNOOEY &NOSRE 

/ &NOJMPI 

/ &CONT 

005E ' IMME PF4 

/ &NODLE &IEN &NOOEY &NOSRE 

/ &NOJMPI 

/ &CONT 


; JUMP TABLE ADDRESS(TABl) TO R12. 

; 

005F SOR W,MOVE,SOI,R12 

/ &NODLE &IEN &NOOEY &NOSRE 

/ fitNOJMPI 

/ ScCONT 

; 

0060 IMME TABl 

/ &NODLE &IEN &NOOEY &NOSRE 

/ &NOJMPI 

/ S.CONT 


; JUMP INDIRECT TO TABl VIA PM2-4. 

0061 

* / 

/ 

/ 

0062 

/ 

/ 

/ 


ROTM W,15,MDRI,R12 

&DLE &IEN &NOOEY &NOSRE 

&NOJMPI &PFPM 8.BF2U &BT16 

&CONT 

IMME H#0007 

SNODLE &IEN &OEY &NOSRE 

&JMPI S.PFPM SBF2U &BT16 

&JP $ 


IMME PF3 

&NODLB &IEN &NOOEY &NOSRB 

&NOJMPI 

&CONT 
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R9 = PF2 - R9. 


0063 

MFIX: 

TORI 

W,TORIR,SUBR,R9 



/ 

&NODLE 

&IEN &NOOEY 

S-NOSRE 


/ 

&NOJMPI 




/ 

&CONT 



0064 

' 

IMME 

PF2 



/ 

&NODLE 

S.IEN &NOOEY 

&NOSRE 


/ 

&NOJMPI 




/ 

&CONT 




; 

0065 

/ 

/ 

/ 

0066 

/ 

/ 

■/ 


0067 

/ 

/ 

/ 

0068 

/ 

/ 

/ 


0069 MlAl; 

/ 

/ 

/ 


RIO = PF3 - RIO. 

TORI W,TORIR,SUBR,R10 
&NODLE &IEN &NOOEY &NOSRE 

&NOJMPI 
S.CONT 

IMME PF3 

&MODLE &IEN &NOOEy &NOSRE 

&NOJMPI 

StCONT 


Rll = PF4 - Rll. 

TORI W,TORIR,SUBR,Rll 
&NODLE &IEN KNOOEY &NOSRE 

&NOJMPI 
&CONT 

IMME PF4 

&NODLE &IEM &NOOEY &NOSRE 

&NOJMPI 

&CONT 


0 TO R7 (LOCATION ACC MSW,LAC). 

SOR W,MOVE,S02R,R7 

&NODLE &IEN &NOOEY &NOSRE 

&NOJMPI 

&CONT 


A1 TO R12{LSW),R13(MSW). 


006A 

/ 

/ 

/ 

; 

006B 

/ 

/ 

/ 


SOR W,MOVE,SOI,R12 

&NODLE &IEN &N00EY &NOSRE 

&NOJMPI 

&CONT 

IMME AILSW 

&NODLE S.IEN &NOOEY S.NOSRE 

S.NOJMPI 

&CONT 


006C 

/ 

/ 

/ 


SOR W,MOVE,SOI,R13 

&NODLE &IEN &NOOEY ScNOSRE 

&NOJMPI 

&CONT 


006D 

/ 

/ 

/ 


IMME AIMSW 

&NODLE &IEN &NOOEY StNOSRE 

&NOJMPI 

&LDCT 4 


; R8 TO D. 

; LAC = MlAl, MULTIPLY MlAl. 

006E ' SOR W,MOVE,SORY,R8 

/ 5.DLE &NOIEN &OEY &NOSRE 

/ &NOJMPI 

/ &JS MUL 
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; A2 TO R12,R13. 

006F M2A2: IMME A2LSW 

/ &NOPLE &IEN &NOOEY 

/ &NOJMPI 

/ &CONT 


0070 BOR2 W,3,LD2NR,R13 

/ &N0DLE &IEN &NOOEY 

/ &N0JMPI 

/ &LDCT 3 


0071 

/ 

/ 

/ 


0072 M3A3; 

/ 

/ 

/ 


R9 TO D. 

LAC * LAC + M2A2. 

SOR W,MOVE,SORY,R9 

SOLE &N0IEN SiOEY 
&NOJMPI 
&JS MUL 


A3'(A3 - 4K) TO R12,R13. 

IMME A3LSW 

&NODLE &IEN &NOOEY 

&NOJMPI 

&CONT 


0073 BOR2 W,1,LD2NR,R13 

/ &NODLE &IEN &NOOEY 

/ &NOJMPI 

/ &LDCT 6 


0074 

/ 

/ 

/ 


RIO TO D. 

LAC = LAC + M3A3. 

SOR W,MOVE,SORY,RIO 

StDLE &NOIEN &OEY 
&NOJMPI 
&JS MUL 


A4' (A4 - 4K) TO R12,R13, 


0075 M4A4: IMME A4LSW 

/ &NODLE &IEN &NOOEY 

/ &NOJMPI 

/ StCONT 


0076 . BOR2 W,3,LD2NR,R13 

/ S.NODLE &IEN &NOOEY 

/ &NOJMPI ‘ 

/ &LDCT 4 


Rll TO D. 

LAC = LAC + M4A4. 


0077 

/ 

/ 

/ 


SOR W,MOVE,SORY,Rll 

&DLE &NOIEN &OEY 
&NOJMPI 
&JS MUL 


; PRESHIFTED DIVISOR(K) T( 

; LAC = REM(M1A1 + M2A2 + 

; LAC = -L + K. 


0078 IMME KL128 

/ &NODLE &IEN &NOOEY 

/ &NOJMPI 

/ &CONT 

0079 ' SOR W,MOVE,SOI,R13 

/ &DLE &IEN &OEY 

/ &NOJMPI 

/ &LDCT 6 

007A ' IMME KM128 

/ &DLE &IEN &0EY 

/ SiNOJMPI 

/ &JS DIV 


&NOSRE 

&NOSRE 

&NOSRE 

&NOSRE 

&NOSRE 

&NOSRE 

&NOSRE 

S.NOSRE 

&NOSRE 

D R12,R13,D. 

M3A3 + M4A4) / K. 

&NOSRE 

fiiNOSRE 

&NOSRE 
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; 

; L - LAC - K - LAC. 

; 

007B SUBK 

/ 

/ 

/ 

007C * 

/ 

/ 

/ 

; 

007D IMME KMSW 

/ &NODLE &IEN &NOOEY &NOSRB 

/ &NOJMPI 

/ &CONT 


; 0 TO R8. 

; 

007E XORMEM: SOR W,MOVE,SOZR,R8 

/ &NODLE &IEN &NOOEY &NOSRE 

’ / &NOJMPI 

/ &CONT 


; 0 TO R9. 

007P ' SOR W,MOVE,SOZR,R9 

/ &NODLE &IEN &NOOEY &NOSRE 

/ &NOJMPI 

/ &CONT 


IMME KLSW 

&NODLE &IEN &NOOEY &NOSRB 

&NOJMPI 

&CONT 

TORI W,TORIR,SUBRC,R7 
&NODLE &IEM &MOOEY &NOSRE 

&NOJMPI 
&CONT 


0 TO ACC. 


0080 SOR W,MOVE,SORA,R9 

/ &NODLE StIEN &NOOEY SNOSRE 

/ &NOJMPI 

/ &CONT 


ROTATE R6 DOWN BY FOUR TO OBTAIN WORD ADDRESS 
And STORE IN ACC. 



0081 ROTM W,12,MRAI,R6 

/ StNODLE &IEN &NOOEY &NOSRE 

/ S.NOJMPI 

/ &CONT 

0082 ' IMME H#0PFF 

/ &NODLE &IEN &NOOEY SNOSRE 

/ &NOJMPI 

/ &CONT 


; MASK UPPER 12 BITS OF R6 TO OBTAIN FIRST BIT OF 

; BURST ERROR AND STORE IN R6. 

0083 ' TORI W,TORIR,AND,R6 

/ &NODLE &IEN &NOOEY SNOSRE 

/ SNOJMPI 

/ SCONT 

0084 ’ IMME H#000F 

/ SNODLE SIBN SNOOBY SNOSRE 

/ SNOJMPI 

/ SCONT 


; JUMP INDIRECT TO TAB2 VIA R6. 

; 

0085 TORI W,TORIR,ADD,R6 

/ SNODLE SIEN SNOOEY SNOSRE 

/ SNOJMPI 

/ SCONT 

0086 IMME TAB2 

/ SNODLE SIEN SOEY SNOSRE 

/ SJMPI 

/ SCONT 
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; 



; 

MADR » ACC « R4 - ACC. 


0087 

XOR: 

TORI 

W,TORAA,SUBS,R4 



/ 

&NODLE 

SZEN SNOOEY 

SNOSRB 


/ 

&NOJMPI 




/ 

SCONT 



0088 

1 

BONR 

W,0,S2NA 



/ 

&NODLB 

SIEN SOBY 

SNOSRk 


/ 

&MADR 

SNOJMPl 



/ 

1 

SCONT 




; 

f 

R8 » R8 

XOR MEM. 


0089 

! 

TORI 

W,TODRR,EXOR,R8 



/ 

&0LE 

SIEN SNOOEY 

SNOSRE 


/ 

6NOJMPI 

SBT16 



/ 

; 

SCONT 




; 

R8 TO MEMORY. 


008A 

t 

SOR 

W,MOVE,SORY,R8 



/ 

SNODLE 

SNOIEN SOEY 

SNOSRE 


/ 

SNOJMPl 

SMWRT SBF16 



/ 

SCONT 




; 

MADR « ACC + 1. 


008B 

' 

SONR 

W,INC,SOA,NRY 



/ 

SNODLE 

SNOIEN SOEY 

SNOSRE 


/ 

SNOJMPl 

SMADR 



/ 

SCONT 




} 

R9 » R9 

XOR MEM. 


008C 

' 

TORI 

W,TODRR,EXOR,R9 



/ 

SOLE 

SIEN SNOOEY 

SNOSRE 


/ 

SNOJMPl 

SBT16 



/ 

SCONT 




; 

R9 TO MEMORY. 


0080 

' 

SOR 

W,MOVE,SORT,R9 



/ 

SNODLE 

SNOIEN SOEY 

SNOSRE 


/ 

SNOJMPl 

SMWRT SBFI6 



/ 

SCONT 




; 

008E 

/ 

/ 

/ 


0 TO RO (ERROR CORRECTED FLAG). 
RETURN. 

SOR W,MOVE,SOZR,RO 
&NODLE &IEN &OBy &NOSRE 

&NOJMPI &BT20 &BF16 

&RTN 
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; TABLE 1 IS USED TO CALCULATE 

M2,M3,M4 AND DETECT UNCORRECTABLE ERRORS. 

; EACH MICROINSTRUCTION PATH DECREMENTS THE 

; APPROPRIATE REGISTER(S) AND CHECKS FOR VALUES 

; EXCEEDING THE 56-BIT POLYNOMIAL PERIOD 

; FACTOR LIMITS. 




ALIGN 

8 



0090 

; 





0090 

TABl; 

BOR2 

W,0,S2NR,R9 



/ 

&NODLE 

SIEN 

SNOOEY 

SSRE 


/ 

&NOJMPI 

SCP20 

SPFPM 



/ 

4JP 

PM234 



0091 

} 

BOR2 

W,0,S2NR,R11 



/ 

&NODLE 

SIEN 

SNOOEY 

SSRE 


/ 

&NOJMPI 

SCP20 

SPFPM 



/ 

&JP 

TM34 



0092 

1 

BOR2 

W,0,S2NR,R9 



/ 

&NODLE 

SIEN 

SNOOEY 

SSRE 


/ 

&NOJMPI 

SCP20 

SPFPM 



/ 

&JP 

TM24 



0093 

/ 

BOR2 

W,0,S2NR,R11 



/ 

&NODLE 

SIEN 

SNOOEY 

SSRE 


/ 

&NOJMPI 

SCP20 

SPFPM 



/ 

&JP 

TMl 



0094 

7 

BOR2 

W,0rS2NR,R10 



/ 

&NODLE 

SIEN 

SNOOEY 

SSRE 


/ 

&N0JMPI 

SCP20 

SPFPM 



/ 

&JP 

TM23 



0095 

' 

BOR2 

W,0,S2NR,R10 



/ 

&NODLB 

SIEN 

SNOOEY 

SSRE 


/ 

6N0JMPI 

SCP20 

SPFPM 



/ 

&JP 

TMl 



0096 

' 

BOR2 

W,0,S2NR,R9 



/ 

&NODLE 

SIEN 

SNOOEY 

SSRE 


/ 

&MOJMPI 

SCP20 

SPFPM 



/ 

&JP 

TMl 



0097 

9 

SOR 

W,MOVE, 

SOZR,R6 



/ 

&NODLE 

SIEN 

SNOOEY 

SSRE 


/ 

&NOJMPI 

SPFPM 




/ 

StJP 

MFIX 




TM34: 

NOOP 




0098 

/ 

StNODLB 

SNOIEN 

SNOOEY 

SNOSRE 


/ 

&NOJMPI 

SCP20 

SPFPM 



/ 

fiiJP 

PM34 




TM24; 

NOOP 




0099 

/ 

&NODLE 

SNOIEN 

SNOOEY 

SNOSRE 


/ 

&NOJMPI 

SCP20 

SPFPM 



/ 

&JP 

PM24 




TM23; 

NOOP 




009A 

/ 

&NODLE 

SNOIEN 

SNOOEY 

SNOSRE 


/ 

&NOJMPI 

SCP20 

SPFPM 



/ 

&JP 

PM23 




TMl; 

NOOP 




009B 

/ 

&NODLE 

SNOIEN 

SNOOEY 

SNOSRE 


/ 

&NOJMPI 

SCP20 

SPFPM 



/ 

&CONT 





' 

NOOP 




009C 

/ 

&NODLE 

SNOIEN 

SNOOEY 

SNOSRE 


/ 

SNOJMPI 

SCP20 

SPFPM 



/ 

&JP 

PMl 



009D 

PM234; 

BOR2 

W,0,S2NR,R11 



/ 

&NODLE 

SIEN 

SNOOEY 

SSRE 


/ 

SNOJMPI 

SCP20 

SPFPM 



/ 

&IF 

CT16 

SCJP 

ERR 

009E 

PM34; 

BOR2 

W,0,S2NR,R10 



/ 

&NODLE 

SIEN 

SNOOEY 

SSRE 


/ 

SNOJMPI 

SCP20 

SPFPM 



/ 

SIF 

CT16 

SCJP 

ERR 

009F 

PMl: 

ROTM 

W,15,MDRI,R12 



/ 

SDLE 

SIEN 

SNOOEY 

SNOSRE 


/ 

SNOJMPI 

SPFPM 

SBT16 

SBF2U 


/ 

SIF 

CT16 

SCJP 

LINK 

OOAO 


IMME 

H«0007 




/ 

SNODLE 

SIEN 

SOEY 

SNOSRE 


/ 

SJMPI 

SPFPM 

SBT16 

SBF2U 


/ 

SJP 

$ 




N 


N 


N 
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OOAl 

PM24: 

BOR2 

W,0,S2NR,R11 



/ 

&NODLE 

S.IEN 

&NOOEY 

&SRB 


/ 

&NOJMPI 

&CP20 

&PFPM 



/ 

&IFMOT 

CT16 

&CJP 

PMl 


} 

NOOP 




00A2 

/ 

&NODLE 

&NOIEN 

&NOOEY 

&NOSRB 


/ 

&NOJMPI 





/ 

&JP 

ERR 



00A3 

PM23: 

BOR2 

W,0,S2NR,R9 



/ 

&NODLE 

&IEN 

&NOOEY 

&SRB 


/ 

&NOJMPI 

&CP20 

&PFPM 



/ 

&IFNOT 

CT16 

S.CJP 

PMl 


i 

NOOP 




00A4 

/ 

&NODLE 

6 NOIEN 

&NOOEY 

&NOSRE 


/ 

&NOJMPI 





/ 

&JP 

ERR 




; 

; TABLE 2 IS USED FOR ROTATING MEMORY WORD(S) 
; VIA ROTATE AND MERGE INSTRUCTION(S) SO THAT 
; BURST ERRORS CAN BE ALIGNED WITH THE ERROR 


; 

PATTERN 

PROVIDED BY THE 

BEP(9520) 

00A5 TAB2: 

ROTM 

W,9,MDRI,R8 


/ 

&DLE 

&IBN &NOOEY 

&NOSRE 

/ 

&NOJMPI 

&BT16 &BF2U 

&BF2L 

/ 

&JP 

REPl 


00A6 

ROTM 

W,10,MDRI,R8 


/ 

&DLE 

&IBN &NOOEY 

&NOSRE 

/ 

&NOJMPI 

&BT16 SrBF2U 

&BF2L 

/ 

&JP 

REP2 


00A7 

ROTM 

W,11,MDRI,R8 


/ 

&DLE 

&IEN StNOOEY 

&NOSRB 

/ 

&NOJMPI 

&BT16 &BF2U 

&BF2L 

/ 

&JP 

REP3 


00A8 

ROTM 

W,12,MDRI,R8 


/ 

&DLE 

&IEN &NOOEY 

&NOSRE 

7 

&NOJMPI 

&BT16 &BF2U 

&BF2L 

/ 

&JP 

REP4 


00A9 

ROTM 

W,13,MDRI,R8 


/ 

&DLE 

&IEN &NOOEY 

&NOSRE 

/ 

&NOJMPI 

&BT16 &BF2U 

S.BF2L 

/ 

&JP 

REPS 


OOAA 

ROTM 

W,14,MDRI,R8 


/ 

&DLE 

&IEN &NOOEY 

&NOSRE 

/ 

&NOJMPI 

&BT16 &BF2U 

&BF2L 

/ 

&JP 

REP6 


OOAB 

ROTM 

W,15,MDRI,R8 


/ 

&DLE 

&IEN &NOOEY 

&NOSRB 

/ 

&NOJMPI 

S1BTI6 &BF2U 

&BF2L 

/ 

&JP 

REP7 


OOAC 

ROTM 

W,0,MDRI,R8 


/ 

&DLE 

&IBM &NOOEY 

&MOSRE 

/ 

&NOJMPI 

&BT16 &BF2U 

&BF2L 

/ 

&JP 

REPS 


OOAD 

ROTM 

W,1,MDRI,R8 


/ 

&DLE 

&IEN &NOOEY 

&NOSRE 

/ 

&NOJMPI 

&BT16 &BF2U 

&BF2L 

/ 

&JP 

REP9 


OOAE 

ROTM 

W,2,MDRI,R8 


/ 

&DLB 

&IEN &NOOEY 

&NOSRB 

/ 

&NOJMPI 

&BT16 &BF2U 

&BF2L 

/ 

&JP 

REPIO 


OOAF 

ROTM 

W,3,MDRI,R8 


/ 

&DLE 

&IEN &NOOEY 

&NOSRE 

/ 

&NOJMPI 

&BT16 &BF2U 

&BF2L 

/ 

S.JP 

REPll 


OOBO 

ROTM 

W,4,MDRI,R8 


/ 

&DLE 

&IEN &NOOBY 

&NOSRE 

/ 

&NOJMPI 

&BT16 &BF2U 

&BF2L 

/ 

&JP 

REP12 


GOBI 

ROTM 

W,5,MDRI,R8 


/ 

&DLE 

&IEN &NOOEY 

&NOSRE 

/ 

&NOJMPI 

&BT16 &BF2U 

&BP2L 

/ 

&JP 

REP13 
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00B2 


ROTM 

W,6,MDRI,R8 



/ 

&DLE 

&IEN 

SNOOEY 

&NOSRE 


/ 

&NOJMPI 

&BT16 

&BF2U 

&BF2L 


/ 

&JP 

REP14 



00B3 

f 

ROTM 

W,7,MDRI,R8 



/ 

&DLE 

&IEN 

fiNOOEY 

&NOSRE 


/ 

&NOJMPI 

&BT16 

«.BF2U 

&BP2L 


/ 

&JP 

REP 15 



00B4 

i 

ROTM 

W,8,MDRI,R8 



/ 

&DLE 

&IEM 

&NOOEY 

&NOSRE 


/ 

&NOJMPI 

&BT16 

&BF2U 

&BF2L 


/ 

&JP 

REP16 



00B5 

REPl: 

IMME 

H«0001 




/ 

&DLE 

&IEN 

&NOOEY 

&NOSRE 


/ 

&NOJMPI 

&BT16 

&BF2U 

&BF2L 


/ 

&JP 

RMl 



00B6 

REP2: 

IMME 

Hi0003 




/ 

&DLE 

&IEN 

&NOOEY 

&NOSRE 


/ 

&NOJMPI 

&BT16 

&BF2U 

&BF2L 


/ 

&JP 

RM2 



00B7 

REP3: 

IMME 

H#0007 




/ 

&DLE 

&IEN 

&NOOEY 

&NOSRE 


/ 

&NOJMPI 

&BT16 

&BF2U 

&BF2L 


/ 

&JP 

RM3 



00B8 

REP4: 

IMME 

HfOOOF 




/ 

&DLE 

&IEN 

&NOOEY 

&NOSRE 


/ 

&NOJMPI 

&BT16 

&BF2U 

&BF2L 


/ 

&JP 

RM4 



00B9 

REPS: 

IMME 

H#001F 




/ 

&DLE 

&IEN 

&NOOEY 

&NOSRE 


/ 

&NOJMPI 

&BT16 

&BF2U 

&BF2L 


/ 

&JP 

RMS 



OOBA 

REP6: 

IMME 

H#003F 




/ 

&DLE 

&IEN 

&NOOEY 

&NOSRE 


/ 

&NOJMPI 

StBTie 

&BF2U 

&BF2L 


/ 

&JP 

RM6 



OOBB 

REP7: 

IMME 

H#007F 




/ 

&DLE 

&IEN 

&NOOEY 

&NOSRE 


/ 

&NOJMPI 

&BT16 

&BF2U 

&BF2L 


/ 

&JP 

RM7 



ODBC 

REP8: 

IMME 

H#00FF 




/ 

&DLE 

&IEN 

&NOOEY 

&NOSRE 


/ 

&NOJMPI 

&BT16 

&BF2U 

&BF2L 


/ 

&JP 

RM8 



OOBD 

REP9: 

IMME 

HIOIFF 




/ 

&OLE 

&IBN 

&NOOEY 

&NOSRE 


/ 

&NOJMPI 

&BT16 

&BF2U 

&BF2L 


/ 

&JP 

RM9 



OOBE 

7 

REPIO: 

IMME 

H#03FF 




/ 

&DLE 

&IEN 

&NOOEY 

&NOSRE 


/ 

&NOJMPI 

&BTI6 

&BF2U 

&BF2L 


/ 

&JP 

RMIO 



OOBF 

REPll: 

IMME 

H#07FF 




/ 

&DLE 

&IEN 

&NOOEY 

&NOSRE 


/ 

&NOJMPI 

&BT16 

&BF2U 

&BF2L 


/ 

&JP 

RMll 



OOCO 

REP12: 

IMME 

H#0FFF 




/ 

SiDLE 

&IEtl 

&MOOEY 

firMOBRE 


/ 

&NOJMPI 

&BT16 

&BF2U 

&BF2L 


/ 

&JP 

XOR 



OOCl 

REP13: 

IMME 

HIIFFE 




/ 

&DLE 

&IEN 

&NOOEY 

&NOSRE 


/ 

&NOJMPI 

&BT16 

&BF2U 

&BF2L 


/ 

&JP 

XOR 



00 C2 

# 

REP14: 

IMME 

H#3FFC 




/ 

&DLE 

&IEN 

&NOOEY 

&NOSRE 


/ 

&NOJMPI 

&BT16 

&BF2U 

&BF2L 


/ 

&JP 

XOR 



00C3 

i 

REP15: 

IMME 

H#7FF8 




/ 

&DLE 

&IEN 

&NOOEY 

&NOSRE 


/ 

&NOJMPI 

&BT16 

&BF2U 

&BF2L 


/ 

&JP 

XOR 
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00C4 

REP16: 

IMME 

H#PFF0 




/ 

&DLE 

SIEN 

SNOOEY 

SNOSRE 


/ 

&NOJMPI 

SBT16 

SBF2U 

SBF2L 


/ 

&JP 

XOR 



00C5 

RMl; 

ROTM 

W,9,MDRI,R9 



/ 

&DLE 

SIEN 

SNOOEY 

SNOSRE 


/ 

&NOJMP1 

SBT16 

SBF2U 

SBF2L 


/ 

&JP 

REP17 



00C6 

RM2; 

ROTM 

W,10,MDRI,R9 



/ 

&DLE 

SIEN 

SNOOEY 

SNOSRE 


/ 

&NOJMPI 

SBT16 

SBF2U 

SBF2L 


/ 

&JP 

REP18 



00C7 

RM3: 

ROTM 

W,11,MDRI,R9 



/ 

&DLE 

SIEN 

SNOOEY 

SNOSRE 


/ 

&NOJMPI 

SBT16 

SBF2U 

SBF2L 


/ 

&JP 

REP19 



00C8 

RN4: 

ROTM 

W,12,MDRI,R9 



/ 

&DLB 

SIEN 

SNOOEY 

SNOSRE 


/ 

&NOJMPI 

SBT16 

SBF2U 

SBF2L 


/ 

&JP 

RBP20 



00C9 

RMS: 

ROTM 

W,13,MDRI,R9 



/ 

&DLE 

SIEN 

SNOOEY 

SNOSRE 


/ 

SNOJMPI 

SBT16 

SBF2U 

6BF2L 


/ 

&JP 

REP21 



OOCA 

RM6: 

ROTM 

W,14,MDRI,R9 



/ 

&DLE 

SIEN 

SNOOEY 

SNOSRE 


/ 

&MOJMPI 

SBT16 

SBF2U 

SBF2L 


/ 

&JP 

REP22 



OOCB 

RM7: 

ROTM 

W,15,MDRI,R9 



/ 

&DLE 

SIEN 

SNOOEY 

SNOSRE 


/ 

&NOJMPI 

SBT16 

SBF2U 

SBF2L 


/ 

&JP 

REP23 



OOCC 

RMS: 

ROTM 

W,0,MDRI,R9 



/ 

&DLE 

SIEN 

SNOOEY 

SNOSRE 


/ 

&NOJMPI 

SBT16 

SBF2U 

SBF2L 


/ 

&JP 

REP24 



OOCD 

RM9: 

ROTM 

W,1,MDRI,R9 



/ 

&DLE 

SIEN 

SNOOEY 

SNOSRE 


/ 

SNOJMPI 

SBT16. 

SBF2U 

SBF2L 


/ 

&JP 

REP25 



OOCE 

RMIO: 

ROTM 

W,2,MDRI,R9 



/ 

&DLE 

SIEN 

SNOOEY 

SNOSRE 


/ 

SNOJMPI 

SBT16 

SBF2U 

SBF2L 


/ 

SJP 

REP26 



OOCF 

RMll: 

RDTM 

W,3,MDRI,R9 



/ 

SOLE 

SIEN 

SNOOEY 

SNOSRE 


/ 

SNOJMPI 

SBT16 

SBF2U 

SBF2L 


/ 

SJP 

REP27 



OODO 

REP17: 

IMME 

H#FFE0 




/ 

SOLE 

SIEN 

SNOOEY 

SNOSRE 


/ 

SNOJMPI 

SBT16 

SBF2U 

SBF2L 


/ 

SJP 

XOR 



OODl 

if 

REP18: 

IMME 

H#FFC0 




/ 

SOLE 

SIEN 

SNOOEY 

SNOSRE 


/ 

SNOJMPI 

SBT16 

SBF2U 

SBF2L 


/ 

SJP 

XOR 



00D2 

/ 

REP19: 

IMME 

H#FF80 




/ 

SOLE 

SIEN 

SNOOEY 

SNOSRE 


/ 

SNOJMPI 

SBT16 

SBF2U 

SBF2L 


/ 

SJP 

XOR 



00D3 

REP20: 

IMME 

HIFFOO 




/ 

SOLE 

SIEN 

SNOOEY 

SNOSRE 


/ 

SNOJMPI 

SBT16 

SBF2U 

SBF2L 


/ 

SJP 

XOR 



00D4 

REP21: 

IMME 

H#FE00 




/ 

SOLE 

SIEN 

SNOOEY 

SNOSRE 


/ 

SNOJMPI 

SBT16 

SBF2U 

SBF2L 


/ 

SJP 

XOR 



OOD5 

REP22: 

IMME 

H#FC00 




/ 

SOLE 

SIEN 

SNOOEY 

SNOSRE 


/ 

SNOJMPI 

SBT16 

SBF2U 

SBF2L 


/ 

SJP 

XOR 
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00D6 

REP23: 

/ 

/ 

/ 

IMME 

&DLE 

S.NOJMPI 

&JP 

MfFSOO 

&IEN 

&Btl6 

XOR 

&NOOEY 

&BF2U 

&NOSRE 

&BF2L 

00D7 

REP24: 

/ 

/ 

/ 

IMME 

&DLE 

&NOJMPI 

SJP 

HIFOOO 

&IEN 

&BT16 

XOR 

&NOOEY 

&BF2U 

6N0SRB 

&BF2L 

00D8 

REP25: 

/ 

/ 

/ 

IMME 

&DLE 

&NOJMPI 

&JP 

H«E000 

&IEN 

&BT16 

XOR 

&NOOEY 

&BF2U 

&NOSRE 

&BF2L 

00D9 REP26: 

/ 

/ 

/ 

IMME 

&DLE 

&NOJMPI 

&JP 

HICOOO 

&IEN 

&BT16 

XOR 

&NOOBY 

&BF2U 

&NOSRE 

&BF2L 

OODA 

REP27: 

/ 

/ 

/ 

IMME 

tDLE 

&NOJMPI 

&JP 

H«8000 

&IEM 

iBT16 

XOR 

&NOOEY 

&BF2U 

&NOSRE 

&BF2L 


; SUBROUTINE MULTIPLY 

J THIS SUBROUTINE MULTIPLIES A DOUBLE PRECISION 

; WORD BY A SINGLE PRECISION WORD AND ASSUMES 

; A DOUBLE PRECISION ANSWER. THE MULTIPLIER 

; IS IN D, THE MULTIPLICAND IS IN R12,R13, AND 

; THE ANSWER APPEARS IN R6,R7(LAC). NOTE, UPON 

; RETURNING TO THE MAIN PROGRAM THE SUBROUTINE 

; INITIATES AN IMMEDIATE MOVE TO R12. 


OODB 

MUL; 

SHFTR 

W,SHDR, 

SHDNZ,R8 



/ 

&NODLE 

&IEN 

&NOOEY 

&SRE 


/ 

&NOJMPI 





/ 

&CONT 




OODC 

' 

SOR 

W,MOVE, 

SORY,R13 



/ 

&DLE 

&NOIEN 

&OEY 

&NOSRE 


/ 

&NOJMPI 





/ 

&CONT 




OODD 

CYC; 

SOR 

W,MOVE, 

SORA,R12 



/ 

&NODLE 

&IEN 

&NOOEY 

&NOSRE 


/ 

&NOJMPI 





/ 

&IFNOT 

CT16 

&CJP 

NOTQ 

OODE 

' 

TORI 

W,TORAR,ADD,R6 



/ 

&NODLE 

&IEN 

&NOOEY 

&SRE 


/ 

&NOJMPI 





/ 

StCONT 




OODF 

' 

TORI 

W,TODRR,ADDC,R7 



/ 

&NOOLE 

&IEN 

&NOOEY 

&NOSRE 


/ 

&NOJMPI 





/ 

5.CONT 
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OOEO NOTQj SHPTR W,SHRR,SHUPZ,ftl2 

/ &NODLE &IBN SNOOEY &SRE 

/ &NOJMPI 

/ &CONT 

; 

OOEl SHPTR W,SHRR,SHUPL,R13 

/ &DLE &IEN &OEY &NOSRE 

/ &NOJMPI 

/ &CONT 

t 

00E2 SHPTR W,SHRR,SHDMZ,R£i. 

/ &NODLE &IEN SNOOEY &SRE 

/ &NOJMPI 

/ &RPCT CYC 

; 

00E3 SOR W,MOVE,SOI,R12 

/ &NOOLE &IEN SNOOEY SNOSRE 

/ SNOJMPI 

/ SRTN 


; SUBROUTINE DIVIDE 

} THIS SUBROUTINE DIVIDES A DOUBLE PRECISION 

NUMBER BY A DOUBLE PRECISION NUMBER LEAVING 
; ONLY A REMAINDER. THE DIVISOR IS IN R12,R13,D 

; AND THE DIVIDEND/REMAINDER APPEARS IN R6,R7. 

; NOTE, UPON RETURN AN IMMEDIATE SUBTRACT IS 

,• INITIATED. 

00E4 DIV: SOR W,MOVE,SORA,R12 

/ SNODLE SIEN SNOOEY SNOSRE 

/ SNOJMPI 

/ SCONT 

; 

00E5 CYCl: TORI W,TORAR,SUBS,R6 

/ SNODLE SIEN SNOOEY SSRE 

/ SNOJMPI 

/ SCONT 

00E6 TORI W,TODRR,SUBSC,R7 

/ SNODLE SIEN SNOOEY SSRE 

/ SNOJMPI 

/ SCONT 

; 

NOOP 

00E7 / SNODLE SIEN SNOOEY SNOSRE SCT N 

/ SNOJMPI 

/ SIFNOT CT16 SCJP POS 

; 

00E8 TORI W,TORAR,ADD,R6 

/ SNODLE SIEN SNOOEY SSRE 

/ SNOJMPI 

/ SCONT 

00E9 TORI W,TODRR,ADDC,R7 

/ SNODLE SIEN SNOOEY SNOSRE 

/ SNOJMPI 

/ SCONT 
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OOEA 


OOEB 


OOEC 


OOED 


OOBE 


OOEF 


OOPO 


OOPl 


00F2 


OOP3 


POS; gHFTR W,SHRR,SHDNZ,R13 

/ &DLE &IEN &OEy &SRE 

/ S.NOJMPI 

/ &CONT 

SHFTR W,SHA,SHDNL,R12 
/ &NODLB &IEN &NOOEY &NOSRE 

/ &NOJMPI 

/ SRPCT CYCl 

; 

TORI W,TORIR,SUBR,R6 
/ &NOOLE &IEN &NOOEY &SRE 

/ &NOJMPI 

/ &RTN 


; WRITE SECTOR 

} (R3) TO R4 AND MAR. 

; ENTER OUTPUT MODE. (TURNS ON WRITE CLOCK.) 

} INITIALIZE COUNTER FOR OUTPUT DATA PREAMBLE LOOP. 

; 

WRSECl: SOR W,NEC,SOAR,R4 

/ SNODLE &IEN . &NOOEY &NOSRE 

/ &MADR S.NOJMPI &OUPT 

/ &LDCT 5 


; BEGIN WRITE DATA PREAMBLE LOOP. 

; TURN ON WRITE GATE. 

; PASS WHEN FIFO ARRAY READY FOR OUTPUT. 

WRSEC2: NOOP 


/ 

S.NODLE 

&NOIEN 

SiNOOEY 

&NOSRE 

/ 

&NOJMPI 

&OUPT 

&WRGA 


/ 

&IFNOT 

RDYO 

S.CJP 

$ 


; OUTPUT H#0000 TO FIFO ARRAY. 

SONR W,MOVE,SOZ,NRY 
/ &NODLE StNOIEN &OEY &NOSRE 

/ S.NOJMPI &OUPT 5.WRGA 

/ &CONT 


; END WRITE DATA PREAMBLE LOOP. 

SONR W,MOVE,SOZ,NRY 
/ &NODLE &NOIEN SOEY SNOSRE 

/ &BF16 &BT03 &NOJMPI &OUPT &PL03 &WRGA 

/ &RPCT WRSEC2 


OUTPUT LAST DATA PREAMBLE BYTE AND THE H#FE DATA SYNC BYTE. 
INITIALIZE COUNTER FOR WRITE DATA SEGMENT LOOP. 

PASS WHEN FIFO ARRAY AGAIN READY FOR OUTPUT. 


WRSEC3: 

SONR 

W,MOVE, 

iSOIjNRY 



/ 

&DLE 

&NOIEN 

&OEY 

SNOSRE 


/ 

&NOJMPI 

&OUPT 

&WRGA 



/ 

&LDCT 

131 




' 

IMME 

H#FE00 




/ 

SDLE 

&NOIEN 

&OEY 

SNOSRE 


/ 

&NOJMPI 

&OUPT 

&WRGA 



/ 

&IFNOT 

RDYO 

&CJP 

WRSEC3 


' 

SONR 

W,MOVE, 

SOD,NRY 



/ 

&NODLE 

&NOIEN 

S.OE'i 

SNOSRE 


/ 

&BF16 

&BT03 

S.NOJMPI 

SOUPT SPL03 

SWRGA 

/ 

&CONT 
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BEGIN WRITE DATA SEGMENT LOOP. 
(R4) TO MAR. 


00F4 WRSEC4: SOR W,MOVE,SORY,R4 

/ &NODLE &NOIEN &OEY &NOSRE 

/ SMADR &NOJMPI &OUPT &WRGA 

/ &CONT 


/ 

/ 

/ 


INCREMENT (R4). 

SOR W,INC,S0RR,R4 

&NODLE &IEN &NOOEy &NOSRE 

&NOJMPI S.OUPT &WRGA 

&CONT 


; 

; ((MAR)) TO FIFO ARRAY. 

; END WRITE DATA SEGMENT LOOP. 


00P6 / 
/ 
/ 


NOOP 

&N0DLE &NOIEN &NOOEY &NOSRE 
&BT03 &MREA &NOJMPI &OUPT 8.PL03 

SRPCT WRSEC4 


CLEAR {R4). 

INITIALIZE COUNTER FOR WRITEjDATA POSTAMBLE LOOP. 


SOR W,MOVE,SOZR,R4 
&NODLE &IEN &NOOEY 

&NOJMPI &OUPT &WRGA 

&LDCT 1 


BEGIN WRITE DATA POSTAMBLE LOOP. 
OUTPUT H#0000 TO FIFO ARRAY. 


OOFS WRSEC5: SOR W,MOVE,SORY,R4 

/ &NODLE &NOIEN &OEY &NOSRE 

/ &NOJMPI &OUPT &WRGA 

/ &IFNOT RDYO &CJP $ 


00F9 

/ 

/ 

/ 


SOR W,MOVE,SORY,R4 

&NODLE 8.NOIEN &OEY &NOSRE 

&BF16 &BT03 &MOJMPI &OUPT &PL03 &WRGA 

StCONT 


(NOOP FOR TIMING PURPOSES) 

END WRITE DATA POSTAMBLE LOOP. 


OOFA / 
/ 
/ 


NOOP 

&NODLE &NOIEN S.NOOEY &NOSRE 
&NOJMPI &OUPT &WRGA 
&RPCT WRSEC5 


TURN OFF WRITE GATE. 



NOOP 

OOFB / 

&NODLE 

/ 

&NOJMPI 

/ 

&CONT 


&NOIEN &NOOBY &NOSRE 
&OUPT 


OOFC 


/ 

/ 

/ 


THEN LEAVE OUTPUT MODE. (TURNS OFF WRITE CLOCK.) 
LOAD 0 INTO RO. 

RETURN. 

SOR W,MOVE,SOZR,RO 

&NODLE S.IEN &NOOEY &NOSRE 

S.NOJMPI 

&RTN 

END 
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0000 1100000111100000 0010011000110000 OllOlOOlOOllXXXX XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
0001 1111100011100000 xxxxooioiiioiiii iiiiiixxxxxxxxxx XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
0002 0000000000000000 XXXXOOIOIIIOIIII IIIIIIXXXXXXXXXX xxxxxxxxoxxxxxio xxxxxxxxxxxxxxxx 
0003 1111100011100000 XXXXOOIOIIIOIIII IIIIIIXXXXXXXXXX XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
0004 0000000000010000 xxxxooioiioooool IIIIIIXXXXXXXXXX XXXXXXXXOXXXXXIO xxxxxxxxxxxxxxxx 
0005 1101100001000011 xxxxooiiiiioiiii IIIIIIXXXXXXXXXX XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
0006 1101100011000100 xxxxoiooiiioiiii IIIIIIXXXXXXXXXX XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
0007 1101100001000100 XXXXOOIOIIIOIIII IIIIIIXXXXXXXXXX XXXXXXXXXXXXXXIO OXXXXXXXXXXXXXXX 
0008 0111000101000000 XXXXOllOlllOllll IIIIIIXXXXXXXXXX XXXXXXOXXXXXXXIO XXXXXXXXXXXXXXXX 
0009 0111000101000000 XXXXOllOlllOllll IIIIIIXXXXXXXXXX XXXXXXXXXXXOXXIO XXXXXXXXXXXXXXXX 
OOOA 0111000101000000 XXXXOllOlllOllll IIIIIIXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
OOOB 0111000101000000 XXXXOllOlllOllll IIIIIIXXXXXXXXXX XXXXXXXOXXXXXXIO XXXXXXXXXXXXXXXX 
OOOC 1101110101100100 XXXXOIOOIOOIOOOO OOOlllXXXXXXXXXX XXXXXXXXXXXOXXIO XXXXXXXXXXXXXXXX 
OOOD 1111100011100000 XXXXOOIOIIIOIIII IIIIIIXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
OOOE 0000000000010001 XXXXOOlOllOOOOOd OOOOIOXXXXXXXXXX XXXXXXXXOXXXXXIO XXXXXXXXXXXXXXXX 
OOOF 1101100001000100 XXXXOOIOIIIOIIII IIIIIIXXXXXXXXXX XXXXXXXXXXXOXXIO OXXXXXXXXXXXXXXX 
0010 0111000101000000 XXXXOllOlllOllll IIIIIIXXXXXXXXXX XXXXXXXXXOXXXXIO XXXXXXXXXXXXXXXX 
0011 0111000101000000 XXXXOllOlllOllll IIIIIIXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0012 0111000101000000 XXXXOllOlllOllll IIIIIIXXXXXXXXXX XXXXXXXXXXXOXXIO XXXXXXXXXXXXXXXX 
0013 OlllOOOlOlOOQOOO XXXXOllOlllOllll IIIIIIXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0014 1101110101100100 XXXXOIOOIOOIOOOO OOllllXXXXXXXXXX XOOXXXXXXXXXXXIO XXOXXXXXXXXXXXXX 
0015 1101100100000101 XXXXOIOOIIIOIIII IIIIIIXXXXXXXXXX XXXXXXXXXXXOXXIO xxxxxxxxxxxxxxxx 
0016 0111000101000000 XXXXOllOlllOllll Iiiiiixxxxxxxxxx XXXXXXXXXOXXXXIO xxxxxxxxxxxxxxxx 
0017 0101100011000101 xxxxoioiiiioiiii IIIIIIXXXXXXXXXX xoxxxoxxxxxxxxio xxxxxxxxxxxxxxxx 
0018 1101100001000100 XXXXOOIOIIIOIIII IIIIIIXXXXXXXXXX XXXXXXXXXXXXXXIO OXXXXXXXXXXXXXXX 
0019 1101100001000101 XXXXOOIOIIIOIIII IIIIIIXXXXXXXXXX OXXXXXXXXXXXXXIO XXOXXXXXXXXXXXXX 
OOIA 1111100011100001 xxxxoiooiiioiiii IIIIIIXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
OOIB 0000000000110110 XXXXOIOOIIIOIIII IIIIIIXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
OOlC 1000100000000000 XXXXOIOOIIIOIIII IIIIIIXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
OOID 1111100011100001 XXXXOIOOIIIOIIII IIIIIIXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
OOIB 1100000000000001 XXXXOIOOIIIOIIII IIIIIIXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
OOIF 1101100100000100 XXXXOIOOIIIOIIII IIIIIIXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 

0020 1101100001000001 xxxxoioiiioooooo olooooxxxxxxxxxx XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
0021 1101100011000101 XXXXOIOOIIIOIIII IIIIIIXXXXXXXXXX XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
0022 1100000011000101 XXXXOIOOIIIOIIII IIIIIIXXXXXXXXXX XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
0023 1100110001100100 XXXXOIOOIOOIOOOO loooioxxxxxxxxxx XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
0024 1101100001000010 XXXXOIOIIIOOOOOO olooooxxxxxxxxxx XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
0025 1101100011000101 XXXXOIOOIIIOIIII IIIIIIXXXXXXXXXX XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
0026 1100000011000101 XXXXOIOOIIIOIIII IIIIIIXXXXXXXXXX XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
0027 1100110001100100 XXXXOIOOIOOIOOOO looiioxxxxxxxxxx XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
0028 0111000101000000 XXXXOllOllOOOOOl OOOOOOXXXXXXXXXX XXXXXXXXXXXXXOlO xxxxxxxxxoxxxxxx 
0029 0111000101000000 XXXXOllOlllOllll 111 lllXXXXXXOXXX XXXXXXXXXXXXXOlO XXXXXXXXXOOXXXXX 
002A 0111000101000000 xxxxoiioooiioooo loioioioiooioxxx XXXXXXXXXXXXXOlO xxxxxxxxxoxxxxxx 
002B 0111000101000000 xxxxoiioooiioooo loioiioiioiixxxx XXXXXXXXXXXXXOlO xxxxxxxxxoxxxxxx 
002C 1101100011000101 xxxxoioiooiioooo loiioooiioiixxxo xxxxxoxxxxxxxolo xxxxxxxxxoxxxxxx 
002D 1001000111100001 0010111000110000 iiooiioiooioxxxx XXXXXXXXXXXXXOlO xxxxxxxxxoxxxxxx 
002E 0111000101000000 XXXXOllOlllOllll IIIIIIXXXXXXXXXX XXXXXXXXXXXXXOlO XXXXXXOXXOXXXXXX 
002F 1101100011000101 XXXXOIOIOOIIOOOO loiiiioiioiixxxo xxxxxoxxxxxxxolo xxxxxxxxxoxxxxxx 
0030 1001000111100010 0010111000110000 IIOOIIOIOOIOXXXX XXXXXXXXXXXXXOlO XXXXXXOXXOXXXXXX 
0031 1101100011000101 XXXXOIOIIIIOIIII iiiiiixxxxxxxxxo xxxxxoxxxxxxxolo xxxxxxxxxoxxxxxx 
0032 1001000111100100 0010111000110000 iioioioiooioxxxx XXXXXXXXXXXXXOlO xxxxxxxxxoxxxxxx 
0033 1101100001000000 xxxxoiioiooioooo loiooixxxxxxxxxx XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
0034 1101100000000000 xxxxoiooioioiiii iiiiiioiiiioxxxx XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
0035 1101100001000000 XXXXOOIOIIIOIIII IIIIIIXXXXXXXXXX xxxxxxxxxxxxxxoi xxxxxxxxxxxxxxxx 
0036 1101111000000011 XXXXOIOOOOIIOOOO lllOOOOllllOXXXX XXXXXXXXXXXXXXIO xxxxxxxxxxoxxxxx 
0037 1101111000000011 xxxxoiooooiiooii loiioioiiiioxxxx XXXXXXXXXXXXXXIO xxxxxxxxxxoxxxxx 
0038 1101111010000100 XXXXOOOOl 1000001 OOOOOIXXXXXXXXXX XXXXXXXXXXXXXOlO oxxxxxxxxooxxxxx 
0039 1101101010000101 XXXXOIOOOOIIOOOO iiiooioiioiixxxx XXXXXXXXXXXXXOlO xxxxxxxxxoxxxxxx 
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003A 1111100011100000 XXXXOOlOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXOIO xxxxxxxxxoxxxxxx 
003B 0000000000000011 XXXXOOlOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXOIO XXXXXXXXXOXXXXXX 
003C 1111100011100000 XXXXOOlOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXOIO XXXXXXXXXOXXXXXX 
003D 0000000000010011 XXXXOOlOlllOllll llllllXXXXXXXXXX xxxxxxxxoxxxxolo xxxxxxxxxoxxxxxx 
003E 0111000101000000 XXXXOllOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXOIO xxxxxxoxxoxxxxxx 
003F 0111000101000000 XXXXOllOOOllOOOO llllllOllOllXXXO XXXXXXXXXXXXXOIO xxoxxxxxxoxxxxxx 
0040 1101110101100101 XXXXOOOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXOIO oxxxxxxxxoxxxxxx 
0041 1101110101100100 XXXXOOOOlllOllll llllllXXXXXXXXXX XXXXXXOXXXXOXOlO ooxxxxoxxoxxxxxx 
0042 0111000101000000 xxxxoiioooiioooi ooooiooiioiixxxo XXXXXXXXXXXXXOIO xxoxxxxxxoxxxxxx 

0043 1101100101100101 XXXXOOOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXOIO OXXXXXXXXOXXXXXX 
0044 1101110101100100 xxxxooooiooioooo llllllXXXXXXXXXX xxxxxxxoxxxoxolo ooxxxxoxxoxxxxxx 
0045 0111000101000000 XXXXOllOllOOOOOl 00000ixxxxxxxxxx XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
0046 1101110101100101 XXXXOOOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO OXXXXXXXXXXXXXXX 
0047 0111000101000000 XXXXOllOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0048 0111000101000000 XXXXOllOlllOllll llllllXXXXXXXXXX XXXXXXOXXXXOXXIO XOXXXXXXXXXXXXXX 
0049 0111000101000000 XXXXOllOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
004A 0111000101000000 XXXXOllOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
004B 0111000101000000 XXXXOllOlOOlOOOl OOOllOXXXXXXXXXX, XXXXXXXOXXXOXXIO XOXXXXXXXXXXXXXX 
004C 0111000101000000 XXXXOIIOOOIIOOOI ooiiiooioiioxxxx XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
004D 1101100100000000 xxxxoiooioioiiii iiiiiioiiiioxxxx XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
004E lllllOOOlllOOOOO XXXXOOlOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
004F 0000000000011111 XXXXOOlOlllOllll llllllXXXXXXXXXX OXXXXXXXOXXXXXIO XXXXXXXXXXXXXXXX 
0050 1101100100001000 XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0051 1111100011100001 XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
0052 0000000000010110 XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0053 0111000101000000 XXXXOIIOOOIIOOOI oiiooioioiooxxxx XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
0054 1110000110000101 xxxxiiooooiioool oloiiooiooooxxxx xxxxxxxxxxxoxxio xxxxxxxxxxxxxxxx 
0055 1100011111001000 xxxxo10000110001 010111011iioxxxx XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
0056 1100000111001000 XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0057 0111000101000000 0111011000110001 OlOOllOlOOllXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0058 1100001110000000 XXXXOOOOlOlOllll IIIIIIOIIIIOXXXX OXXXXXXXOXXXXXIO XXXXXXXXXXXXXXXX 
0059 1101100011101001 XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
005A 0000000000001101 XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
005B 1101100011101010 XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
oose 0000000001011001 XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
005D 1101100011101011 XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
005E 0000000000010111 XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
005F 1101100011101100 XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0060 0000000010010000 XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0061 lOllllllOOlOllOO XXXXOlOllllOllll llllllXXXXXXXXXX XXOXXOXXXXXXXXIO XXXXXOXXXXXXXXXX 
0062 0000000000000111 XXXXOOOOOOllOOOl lOOOlOOllllOXXXX XXOXXOXXXXXXXXOl XXXXXOXXXXXXXXXX 
0063 lOOlllOOOOOOlOOl XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0064 0000000000001101 XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0065 lOOlilOOOOOOlOlO XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0066 OOOOOOOOOlOllOOl XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0067 1001110000001011 XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0068 0000000000010111 XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0069 1101100100000111 XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
006A 1101100011101100 XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
006B 1110011100100011 XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
006C 1101100011101101 XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
006D 0000000000000110 XXXXOIOOIIOOOOOO OOOIOOXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
006E 1101100001001000 XXXXOOllOOOlOOll OllOllOllllOXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
006F 1011111110101000 XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0070 1100011110001101 XXXXOIOOIIOOOOOO OOOOllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0071 1101100001001001 XXXXOOllOOOlOOll OllOllOllllOXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0072 1101010100110000 XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
0073 1100001110001101 XXXXOIOOIIOOOOOO oooiioxxxxxxxxxx XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
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0074 1101100001001010 
0075 1010100100101000 
0076 1100011110001101 
0077 1101100001001011 
0078 0111000100000000 
0079 1101100011101101 
007A 0000010001110111 
007B 1110111011100010 
007C 1001110000100111 
007D 0000000000001000 
007E 1101100100001000 
007F 1101100100001001 
0080 1101100000001001 
0081 1011100111000110 
0082 0000111111111111 
0083 1001110011000110 
0084 0000000000001111 
0085 1001110010000110 
0086 0000000010100101 
0087 1000000001000100 
0088 1110000110000101 
0089 1001111100001000 
008A 1101100001001000 
008B 1111110010000000 
008C 1001111100001001 
008D 1101100001001001 
008E IIOIIOOIOOQOOOOO 
0090 1100000111101001 
0091 1100000111101011 
0092 1100000111101001 
0093 1100000111101011 
0094 1100000111101010 
0095 1100000111101010 
0096 1100000111101001 
0097 1101100100000110 
0098 0111000101000000 
0099 0111000101000000 
009A 0111000101000000 
009B 0111000101000000 
009C 0111000101000000 
009D 1100000111101011 
009E 1100000111101010 
009F 1011111100101100 
OOAO 0000000000000111 
OOAl 1100000111101011 
00A2 0111000101000000 
00A3 1100000111101001 
00A4 0111000101000000 
00A5 1011001100101000 
00A6 1011010100101000 
00A7 1011011100101000 
00A8 1011100100101000 
00A9 1011101100101000 
OOAA 1011110100101000 
OOAB 1011111100101000 
OOAC 1010000100101000 
OOAD 1010001100101000 
OOAE 1010010100101000 


XXXXOOllOOOlOOll OllOllOllllOXXXX 
XXXXOlOOlllOllll llllllXXXXXXXXXX 
XXXXO10011000000 00010OXXXXXXXXXX 
XXXXOOllOOOlOOll OllOllOllllOXXXX 
XXXXOlOOlllOllll llllllXXXXXXXXXX 
XXXXO00111000000 00011OXXXXXXXXXX 
XXXXOOOlOOOlOOll lOOlOOOllllOXXXX 
XXXXOlOOlllOllll llllllXXXXXXXXXX 

XXXXO 10011101111 mil ixxxxxxxxxx 

XXXXOlOOlllOllll llllllXXXXXXXXXX 

XXXXO 10011101111 mill xxxxxxxxxx 

XXXXOlOOlllOllll llllllXXXXXXXXXX 
XXXXOlOOlllOllll llllllXXXXXXXXXX 
XXXXOlOOlllOllll llllllXXXXXXXXXX 
XXXXO10011101111 11111IXXXXXXXXXX 
XXXXOlOOlllOllll llllllXXXXXXXXXX 
XXXXOlOOlllOllll llllllXXXXXXXXXX 
XXXXOlOOlllOllll llllllXXXXXXXXXX 
XXXXO 00011101111 11111IXXXXXXXXXX 
XXXXOlOOlllOllll llllllXXXXXXXXXX 
XXXXO 00011101111 11111IXXXXXXXXXX 

xxxxoioimoim mmxxxxxxxxxx 
xxxxooiomoim mmxxxxxxxxxx 
xxxxooiomoim mmxxxxxxxxxx 
xxxxoioimoim mmxxxxxxxxxx 
xxxxooiomoim mmxxxxxxxxxx 
xxxxooooioiomi mmomioxxxx 
xxxxiiooooiiooio omoiomioxxxx 
xxxxi 10000110010 oiioooomioxxxx 
XXXXIIOOOOIIOOIO oiiooiomioxxxx 
XXXXIIOOOOIIOOIO OllOllOllllOXXXX 
XXXXIIOOOOIIOOIO oiioioomioxxxx 
XXXXIIOOOOIIOOIO OllOllOllllOXXXX 
XXXXIIOOOOIIOOIO OllOllOllllOXXXX 
XXXXI 10000110001 1000110111 lOXXXX 

xxxxoiioooiiooio oimooimoxxxx 
xxxxoiioooiioolo looooiomioxxxx 
XXXXOIIOOOIIOOIO loooiiomioxxxx 
xxxxoiio 11101 111 mmxxxxxxxxxx 
XXXXOIIOOOIIOOIO oiimoimoxxxx 
0111110000110001 oiiooooiooioxxxx 
0111110000110001 oiiooooiooioxxxx 
0111010100110001 olomoiooioxxxx 
xxxxooooooiioolo loooooomioxxxx 
0111110000110010 oimioiooiixxxx 
XXXXO 11000110001 oiioooomioxxxx 
0111110000110010 oimioiooiixxxx 
XXXXO 11000110001 oiioooomioxxxx 

XXXXO10100110010 1101010111lOXXXX 

xxxxoioiooiioolo iioiioomioxxxx 
XXXXO 10100110010 iiomomioxxxx 
xxxxoioiooiiooio moooomioxxxx 

XXXXO10100110010 1110010111lOXXXX 

XXXXOIOIOOIIOOIO moioomioxxxx 
XXXXOIOIOOIIOOIO moiioimoxxxx 
XXXXOIOIOOIIOOIO imoooimoxxxx 
XXXXOIOIOOIIOOIO imoiomioxxxx 
XXXXOIOIOOIIOOIO miioomioxxxx 


xxxxxxxxxxxxxxio xxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxio xxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxio xxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxio xxxxxxxxxxxxxxxx 
XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxio xxxxxxxxxxxxxxxx 
XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxio xxxxxxxxxxxxxxxx 
XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxo1 xxxxxxxxxxxxxxxx 
XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
XXXXXXXXXXXXXXIO oxxxxxxxxxxxxxxx 
xxxxxoxxxxxxxxio xxxxxxxxxxxxxxxx 
oxxxxxxxxxxxxxio xxoxxxxxxxxxxxxx 
XXXXXXXXXXXXXXIO oxxxxxxxxxxxxxxx 
XXXXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
OXXXXXXXXXXXXXIO xxoxxxxxxxxxxxxx 
oxxxxxxxoxxxxxio xxxxxxxxxxxxxxxx 
xxxxxxxxxxxoxxio xxxxxoxxxxxxxxxx 
xxxxxxxxxxxoxxio xxxxxoxxxxxxxxxx 
XXXXXXXXXXXOXXIO xxxxxoxxxxxxxxxx 
XXXXXXXXXXXOXXIO xxxxxoxxxxxxxxxx 
XXXXXXXXXXXOXXIO xxxxxoxxxxxxxxxx 
XXXXXXXXXXXOXXIO xxxxxoxxxxxxxxxx 
XXXXXXXXXXXOXXIO xxxxxoxxxxxxxxxx 
XXXXXXXXXXXXXXIO xxxxxoxxxxxxxxxx 
XXXXXXXXXXXOXXIO xxxxxoxxxxxxxxxx 
xxxxxxxxxxxoxxio xxxxxoxxxxxxxxxx 
XXXXXXXXXXXOXXIO xxxxxoxxxxxxxxxx 
XXXXXXXXXXXOXXIO xxxxxoxxxxxxxxxx 
XXXXXXXXXXXOXXIO xxxxxoxxxxxxxxxx 
XXXXXXXXXXXOXXIO xxxxxoxxxxxxxxxx 
XXXXXXXXXXXOXXIO xxxxxoxxxxxxxxxx 
xxoxxoxxxxxxxxio xxxxxoxxxxxxxxxx 
xxoxxoxxxxxxxxoi xxxxxoxxxxxxxxxx 
XXXXXXXXXXXOXXIO xxxxxoxxxxxxxxxx 
XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
XXXXXXXXXXXOXXIO xxxxxoxxxxxxxxxx 
XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
xooxxoxxxxxxxxio xxxxxxxxxxxxxxxx 
xooxxoxxxxxxxxio xxxxxxxxxxxxxxxx 
XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
xooxxoxxxxxxxxio xxxxxxxxxxxxxxxx 
XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
xooxxoxxxxxxxxio xxxxxxxxxxxxxxxx 
XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
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OOAF 1010011100101000 XXXXOlOlOOllOOlO llllllOllllOXXXX XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
ooBo 1010100100101000 xxxxoioiool10011 oooooooiiiioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
ooBi 1010101100101000 xxxxoioiooiiooii oooooioiiiioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
00B2 1010110100101000 XXXXOIOIOOIIOOII ooooiooiiiioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
00B3 1010111100101000 XXXXOIOIOOIIOOII oooonoiiiioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
00B4 1011000100101000 XXXXOIOIOOIIOOII oooioooiiiioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
00B5 0000000000000001 XXXXOIOIOOIIOOII oooioioiiiioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
00B6 0000000000000011 XXXXOIOIOOIIOOII oooiiooniioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
00B7 0000000000000111 XXXXOIOIOOIIOOII OOOlllOllllOXXXX XOOXXOXXXXXXXXIO XXXXXXXXXXXXXXX)( 
00B8 0000000000001111 XXXXOIOIOOIIOOII OOlOOOOnilOXXXX XOOXXOXXXXXXXXIO XXXXXXXXXXXXXXXX 
00B9 0000000000011111 XXXXOIOIOOIIOOII OOlOOlOllllOXXXX XOOXXOXXXXXXXXIO XXXXXXXXXXXXXXXX 
ooBA 0000000000111111 XXXXOIOIOOIIOOII ooloiooiiiioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
OOBB 0000000001111111 XXXXOIOIOOIIOOII ooloiioiiiioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
OOBC 0000000011111111 XXXXOIOIOOIIOOII oolioooiiiioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
ooBD 0000000111111111 XXXXOIOIOOIIOOII oolioioiiiioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
ooBE 0000001111111111 XXXXOIOIOOIIOOII ooliiooiiiioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
ooBF 0000011111111111 XXXXOIOIOOIIOOII ooliiioiiiioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
ooco 0000111111111111 XXXXOlOlOOllOOlO OOOlllOllllOXXXX XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
ooci 0001111111111110 XXXXOlOlOOllOOlO OOOlllOllllOXXXX XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
00C2 0011111111111100 XXXXOlOlOOllOOlO OOOlllOllllOXXXX XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
00C3 0111111111111000 XXXXOlOlOOllOOlO OOOlllOllllOXXXX XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
00C4 1111111111110000 XXXXOlOlOOllOOlO OOOlllOllllOXXXX XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
00C5 1011001100101001 XXXXOIOIOOIIOOII oloooooiiiioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
00C6 1011010100101001 XXXXOIOIOOIIOOII oloooioiiiioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
00C7 1011011100101001 XXXXOIOIOOIIOOII olooiooiiiioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
0008 1011100100101001 XXXXOIOIOOIIOOII olooiioiiiioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
0009 1011101100101001 XXXXOIOIOOIIOOII oloioooiiiioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
oooA 1011110100101001 XXXXOIOIOOIIOOII oloioioiiiioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
oocB 1011111100101001 XXXXOIOIOOIIOOII oloiiooiiiioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
oocc 1010000100101001 xxxxoioiooiiooii oloiiioiiiioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
oocD 1010001100101001 XXXXOIOIOOIIOOII oiiooooiiiioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
oocE 1010010100101001 XXXXOIOIOOIIOOII oiiooioiiiioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
oocF 1010011100101001 XXXXOIOIOOIIOOII oiioiooiiiioxxxx XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
OODO 1111111111100000 XXXXOlOlOOllOOlO OOOlllOllllOXXXX XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
ooDi 1111111111000000 XXXXOlOlOOllOOlO OOOlllOllllOXXXX xaoxxoxxxxxxxxio xxxxxxxxxxxxxxxx 
00D2 1111111110000000 XXXXOlOlOOllOOlO OOOlllOllllOXXXX XOOXXOXXXXXXXXIO xxxxxxxxxxxxxxxx 
00D3 1111111100000000 XXXXOlOlOOllOOlO OOOlllOilllOXXXX XOOXXOXXXXXXXXIO XXXXXXXXXXXXXXXX 
00D4 1111111000000000 XXXXOlOlOOllOOlO OOOlllOllllOXXXX XOOXXOXXXXXXXXIO XXXXXXXXXXXXXXXX 
00D5 1111110000000000 XXXXOlOlOOllOOlO OOOlllOllllOXXXX XOOXXOXXXXXXXXIO XXXXXXXXXXXXXXXX 
00D6 1111100000000000 XXXXOlOlOOllOOlO OOOlllOllllOXXXX XOOXXOXXXXXXXXIO XXXXXXXXXXXXXXXX 
00D7 1111000000000000 XXXXOlOlOOllOOlO OOOlllOllllOXXXX XOOXXOXXXXXXXXIO XXXXXXXXXXXXXXXX 
00D8 1110000000000000 XXXXOlOlOOllOOlO OOOlllOllllOXXXX XOOXXOXXXXXXXXIO XXXXXXXXXXXXXXXX 
00D9 1100000000000000 XXXXOlOlOOllOOlO OOOlllOllllOXXXX XOOXXOXXXXXXXXIO XXXXXXXXXXXXXXXX 
OODA 1000000000000000 XXXXOlOlOOllOOlO OOOlllOllllOXXXX XOOXXOXXXXXXXXIO XXXXXXXXXXXXXXXX 
OODB 1100111010001000 XXXXllOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
ooDC 1101100001001101 xxxxooiiiiioiiii llllllXXXXXXXXXX XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
ooDD 1101100000001100 1000010000110011 looooooiooiixxxx XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
OODE 1001100010000110 XXXXllOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
OODF 1001111010100111 XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
OOEO 1100110000001100 XXXXllOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
ooEi 1100110001001101 xxxxoooiiiioiiii llllllXXXXXXXXXX XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
00E2 1100110010001000 xxxxiiooiooiooii oiiioixxxxxxxxxx XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
00E3 1101100011101100 XXXXOlOOlOlOllll llllllOllllOXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
00E4 1101100000001100 XXXXOlOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
00E5 1001100001000110 XXXXllOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
00E6 1001111001100111 XXXXllOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
00E7 0111000101000000 0111010000110011 loioiooiooiixxxx XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
00E8 1001100010000110 XXXXllOOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
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00E9 1001111010100111 XXXXO10011101111 llllllXXXXXXXXXX XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
OOEA 1100110010001101 XXXXlOOllllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO XXXXXXXXXXXXXXXX 
OOEB 1100110011001100 xxxxoiooiooiooii looioixxxxxxxxxx XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
OOEC 1001110000000110 xxxxiiooioioiiii iiiiiioiiiioxxxx XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
OOED 1101111010000100 XXXXOIOOIIOOOOOO OOOIOIXXXXXXXXXX XXXXXXXXXXXXXXIO oxxoxxxxxxxxxxxx 
OOEE 0111000101000000 XXXXOllOOOllOOll lOlllOOlllOlXXXX XXXXXXXXXXXXXXIO xxxoxxxxxxxxoxxx 
ooEF 1111100100000000 xxxxooioiiioiiii llllllXXXXXXXXXX XXXXXXXXXXXXXXIO xxxoxxxxxxxxoxxx 
OOFO 1111100100000000 XXXXOOIOIOOIOOII lOlllOXXXXXXXXXX oxxxoxxxxxxxxxio xxxoxxxoxxxxoxxx 
ooFi 1111100011100000 xxxxooiiiioooolo 00001ixxxxxxxxxx XXXXXXXXXXXXXXIO xxxoxxxxxxxxoxxx 
00F2 1111111000000000 xxxxooiiooiiooii iioooioiiioixxxx XXXXXXXXXXXXXXIO xxxoxxxxxxxxoxxx 
00F3 1111100011000000 XXXXOOIOIIIOIIII llllllXXXXXXXXXX OXXXOXXXXXXXXXIO XXXOXXXOXXXXOXXX 
00F4 1101100001000100 XXXXOOIOIIIOIIII llllllXXXXXXXXXX XXXXXXXXXXXXXXIO OXXOXXXXXXXXOXXX 
OOFS 1101110101100100 xxxxoiooiiioiiii llllllXXXXXXXXXX XXXXXXXXXXXXXXIO xxxoxxxxxxxxoxxx 
00F6 0111000101000000 XXXXOllOlOOlOOll iioiooxxxxxxxxxx xxxxoxxxxxxxxxio, xoxoxxxoxxxxoxxx 
00F7 1101100100000100 XXXXOIOOIIOOOOOO oooooixxxxxxxxxx XXXXXXXXXXXXXXIO xxxoxxxxxxxxoxxx 
OOFS 1101100001000100 xxxxooioooiiooii iiiooooiiioixxxx XXXXXXXXXXXXXXIO xxxoxxxxxxxxoxxx 
00F9 1101100001000100 XXXXOOIOIIIOIIII llllllXXXXXXXXXX OXXXOXXXXXXXXXIO xxxoxxxoxxxxoxxx 
OOFA 0111000101000000 XXXXOllOlOOlOOll lllOOOXXXXXXXXXX XXXXXXXXXXXXXXIO XXXOXXXXXXXXOXXX 
OOFB 0111000101000000 XXXXOllOlllOllll llllllXXXXXXXXXX XXXXXXXXXXXXXXIO xxxoxxxxxxxxxxxx 
ooFc 1101100100000000 xxxxoiooioioiiii iiiiiioiiiioxxxx XXXXXXXXXXXXXXIO xxxxxxxxxxxxxxxx 
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SYMBOLS 


AILSW 

E723 

AIMSW 

0006 

A2LSW 

BFA8 

A2NA 

0004 

A2NDY 

0014 

A2NR 

pOOE 

A3LSW 

D530 

A4LSW 

A928 

ADD 

0004 

ADDC 

0005 

AE 

0056 

AE20 

0008 

AND 

0006 

ASCEBC 

0000 

ATTN 

0010 

B 

0000 

BACK 

0011 

BCDEBC 

0001 

BRTABL 

0036 

BUSY 

0012 

C 

0005 

CDAI 

0002 

CDRA 

0004 

CDRI 

0003 

CFCODE 

OOIA 

COMP 

OOOD 

CRAI 

0005 

CRCFLl 

0022 

CRCFL2 

0026 

CRCMSK 

cool 

CRCNIT 

0010 

CT16 

0009 

CYC 

OODD 

CYCl 

00E5 

DIV 

00E4 

EBCASC 

0002 

EBCBCD 

0003 

EP20 

OOOA 

ER20 

OOOB 

ERR 

0058 

EXNOR 

OOOB 

EXOR 

0008 

FI 

0009 

F2 

OOOA 

F3 

OOOB 

FAIL 

OOOC 

INC 

OOOE 

INDX 

0013 

KL128 

7100 

KLSW 

EEE2 

KM128 

0477 

KMSW 

0008 


L 

0008 

LD2NA 

0006 

LD2NR 

OOOC 

LD2NY 

0 016 

LDC2NA 

0007 

LDC2NR 

OOOD 

LDC2NY 

•0017 

LINK 

0057 

LOW 

0004 

Ml 

0053 

MlAl 

0069 

M234I 

0059 

M2A2 

006F 

M3A3 

0072 

M4A4 

0075 

MARI 

OOOC 

MATCHl 

0035 

MDAI 

0007 

MDAR 

0008 

MDRA 

OOOA 

MDRI 

0009 

MFIX 

0063 

MOVE 

OOOC 

NRAI 

OOOE 

MUL 

OODB 

N 

0007 

NO 

0000 

N1 

0001 

N2 

0002 

N3 

0003 

N4 

0004 

N5 

0005 

N6 

0006 

N7 

0007 

N8 

0008 

N9 

0009 

NA 

OOOA 

NAND 

0007 

NB 

OOOB 

NC 

OOOC 

ND 

OOOD 

NE 

OOOE 

NEC 

OOOF 

NF 

OOOF 

NO 

0001 

NOR 

0009 

NOTQ 

OOEO 

NOZ 

0000 

NRA 

0001 

NRAS 

0005 

NRS 

0004 

NRY 

0000 
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NSPASS 

0040 

R9 

0009 

OR 

OOOA 

RDITCT 

0041 

OVR 

0003 

RDSECl 

0038 

PCPREL 

0007 

RDSEC2 

003F 

PFl 

0016 

RDSEC3 

0046 

PF2 

OOOD 

RDSEC4 

004E 

PF3 

0059 

RDYI 

OOOD 

PF4 

0017 

RDYO 

OOOE 

PMl 

009F 

REPl 

00B5 

PM 2 

0015 

REPIO 

OOBE 

PM23 

00A3 

REPll 

OOBF 

PM234 

0 09D 

REP12 

OOCO 

PM24 

OOAl 

REP13 

OOCl 

PM3 

0016 

REP14 

00C2 

PM34 

009E 

REP15 

00C3 

PM 4 

0017 

REP16 

00C4 

POS 

OOEA 

REP17 

OODO 

PRIA 

0008 

REP18 

OODl 

PRID 

0009 

REP19 

00D2 

PRIR 

OOOB 

REP2 

00B6 

PRIY 

OOOA 

REP20 

00D3 

PR2A 

0000 

REP21 

00D4 

PR2Y 

0002 

REP22 

00D5 

PR3A 

0004 

REP23 

00D6 

PR3D 

0006 

REP24 

00D7 

PR3R 

0003 

REP25 

00D8 

PRA 

0008 

REP26 

00D9 

PR I 

OOOB 

REP27 

OODA 

PRTIA 

0007 

REP3 

00B7 

PRTA 

0004 

REP4 

00B8 

PRTD 

0006 

REP5 

00B9 

PRZ 

OOOA 

REP6 

OOBA 

RO 

0000 

REP7 

OOBB 

R1 

0001 

REP8 

OOBC 

RIO 

OOOA 

REP9 

OOBD 

Rll 

OOOB 

RFl 

0006 

R12 

OOOC 

RF2 

0009 

R13 

OOOD 

RF3 

OOOA 

R14 

OOOE 

RL 

0005 

R15 

OOOF 

RMl 

00C5 

R16 

0010 

RMIO 

OOCE 

R17 

0011 

RMll 

OOCF 

R18 

0012 

RM2 

0006 

R19 

0013 

RM3 

0007 

R2 

0002 

RM4 

0008 

R20 

0014 

RMS 

0009 

R21 

0015 

RM6 

OOOA 

R22 

0016 

RM7 

OOOB 

R23 

0017 

RM8 

OOOO 

R24 

0018 

RM9 

OOOD 

R25 

0019 

RONC2 

0003 

R26 

OOIA 

RSTNA 

0001 

R27 

OOIB 

RSTND 

0011 

R28 

OOlC 

RSTNR 

OOOE 

R29 

OOID 

RTAA 

OOID 

R3 

0003 

RTAR 

0000 

R30 

OOIE 

RTAY 

OOlO 

R31 

OOIF 

RTDA 

0019 

R4 

0004 

RTDR 

0001 

R5 

0005 

RTDY 

0018 

R6 

0006 

RTRA 

0000 

R7 

0007 

RTRR 

OOOF 

R8 

0008 

RTRY 

OOOE 
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S2NA 

0005 

/ SUCC 

OOOF 

S2NDY 

0015 

TABl 

0090 

S2NR 

OOOF 

TAB2 

00A5 

SAMD 

0014 

TC 

OOOA 

SCBIBL 

OOOF 

TFl 

0012 

SECTIO 

0000 

TF2 

0014 

SECTLl 

0029 

TF3 

0016 

SECTL2 

0033 

TL 

0010 

SETNA 

0002 

TLOW 

0008 

SETND 

0012 

TMl 

009B 

SETNR 

OOOD 

TM23 

009A 

SFl 

0006 

TM24 

0099 

SF2 

0009 

TM34 

0098 

SF3 

OOOA 

TN 

OOOE 

SHA 

0006 

TNO 

0002 

SHD 

0007 

TNOZ 

0000 

SHDNl 

0005 

TOAI 

0002 

SHDNC 

0007 

TOAIR 

0002 

SHDNL 

0006 

TODA 

0001 

SHDNOV 

0008 

TODAR 

0001 

SHDNZ 

0004 

TODI 

0005 

SHDR 

0007 

TODIR 

0005 

SHRR 

0006 

TODRA 

0003 

SHUPl 

0001 

TODRR 

OOOF 

SHUPL 

0002 

TODRY 

OOOB 

SHUPZ 

0000 

TORAA 

0000 

SL 

0005 

TORAR 

OOOC 

SOA 

0004 

TORAY 

0008 

SOAR 

0004 

TORIA 

0002 

SOD 

0006 

TORIR 

OOOE 

SODR 

0006 

TORIY 

OOOA 

SOI 

0007 

TOVR 

0006 

SOIR 

0007 

TSTNA 

0000 

SONZC 

0003 

TSTND 

0010 

SORA 

0000 

TSTNR 

OOOF 

SORR 

OOOB 

TZ 

0004 

SORS 

0003 

tzc 

OOOC 

SORY 

0002 

W 

0001 

SOSE 

OOOA 

WRSECl 

OOED 

SOSER 

OOOA 

WRSEC2 

OOEE 

SOZ 

0008 

WRSEC3 

OOFl 

SOZE 

0009 

WRSEC4 

00F4 

SOZER 

0009 

WRSEC5 

OOFS 

SOZR 

0008 

XOR 

0087 

SUBK 

007B 

XORMEM 

007E 

SUBR 

0000 

Z 

0002 

SUBRC 

0001 

ZC 

0006 

SUBS 

0002 



SUBSC 

0003 

TOTAL PHASE 2 ERRORS 
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Advantages Disadvantages 

Stroke System 

High resolution 

Inexpensive video generation electronics 

Fast image update 

Expensive deflection circuitry - tube 

Fast redraw requirement (flicker complexity of image) 
DVST (no selective erasure) 

Raster Scan 
Conversion System 

Lower cost than stroke system 

Complex scan conversion circuits 

Raster Scan 

Bit-Mapped System 

_1 

Traditional TV approach 

Used for years in alphanumerics 

Support graphics with bit maps 

Support complex flicker free display 

Lower resolution than stroke 

Lots of memory 


Figure 1. Comparison of Display Technologies 


INTRODUCTION 

Bit-mapped raster scan technology is becoming increasingly 
popular due to the decreasing costs of high density random 
access memory and the availability of high spped, cost effec¬ 
tive VLSI building blocks for implementing complex, flicker free 
images. This article shows how the Am29116 can be used in a 
bit-mapped graphics processor to draw vectors, characters and 
filled polygons at high speed and to support high bandwidth 
display update and motion dynamics interactively. 

There are traditionally three basic cathode ray tube (CRT) 
graphics technologies - the stroke system, the raster scan 
conversion system and the raster scan bit-mapped system. 
(Figure 1). In a stroke system, vectors are represented by point 
coordinates and point-to-point plotting Instructions. These in¬ 
structions are used to randomly deflect an electron writing 
beam on the CRT. A line can also be moved or rotated very 
fast by re-calculating only the end-point coordinates. Very high 
resolution can be achieved; vector systems with 4096 x 4096 
pixel spatial resolution are not uncommon; however, the com¬ 
plex deflection circuitry also make them expensive. Since the 
vector image has to be redrawn continuously (at least 30 
times/second), there is an upper bound on the complexity of 
the image based on drawing speed of the stroke system to 
produce a flicker free display. The direct view storage tube 
(DVST) retains the image without the fast redraw requirement. 
However, the image cannot be manipulated and selectively 
erased without a complete redraw, thus making the DVST un¬ 
suitable for interactive designs. The raster scan conversion 
systems convert a vector into X, Y coordinates for display by a 
raster scan beam, therefore allowing a standard tube to be 
used. The complexity of the scan conversion circuits limits its 
popularity. The raster scan display technology uses the tradi¬ 
tional television’s approach and has been the dominant display 
technology used in most alphanumeric terminals. For graphics 
applications, a bit-mapped approach is used. 

In a bit-mapped system, the image is made up of an X-Y ma¬ 
trix of picture elements (pixels) which are stored in a display 
memory commonly known as frame buffer. The image is re¬ 
freshed one raster line at a time by turning on the appropriate 
pixel at the right time on the display. The widespread accept¬ 
ance of bit-mapped graphics has been limited in the past due 
to the density/cost of RAM. Figure 2 depicts the dramatic 
shrinkage of memory component requirement for various 
screen size displays for a black and white display; for color, 
these numbers increase by a factor of 3 to 4. Thus, a 1024 x 
1024 color display requiring thousands of chips in the early 70s 
takes only tens of chips today. An advantage of the raster scan 
bit-mapped display is that the refresh rate of the image is inde¬ 


pendent of the complexity of the image; whereas in vector 
systems, there is more chance that complex images might 
flicker since they take longer to be refreshed. 


Screen Size 

Bits 

Memory Size 

IK’S 

4K’s 

16K’s 

64K’s 

256 X 256 

64K 

64 

16 

4 

1 

512x512 

256K 

256 

64 

16 

4 

1024 x1024 

1M 

1 

256 

64 

16 


Figure 2. Bit-Mapped Memory Requirements 


INTERACTIVE 

Bit-Mapped Design Approach 

Bit-mapped displays range In applications from business 
graphics and office workstations to CAD/CAM and image pro¬ 
cessing. The performance requirements of a graphics system 
are determined by the needed resolution and the degree of real 
time interaction, or in other words, the amount of update and 
motion dynamics. Update dynamics is the ability to change 
color, shape or proportions of the displayed object, while mo¬ 
tion dynamics is the ability to change the perspective between 
the object and the observer, perhaps by rotation, tumble or 
other movement. A bit-mapped graphics system has to handle 
a large memory array, especially when a color display is 
needed; a display with 1024 x 1024 spatial resolution and 16 
colors requires 4 Megabits of storage. The frame buffer is often 
larger, to provide additional storage for multiple fonts, which 
vary in size and style, and display lists, containing host com¬ 
mands. A 1024 X 1024 picture, refreshed 30 times/second, re¬ 
quires one pixel to be read from the buffer and presented to the 
CRT, through video processing circuits, every 24ns. Interactive 
use means updating the display rapidly, even for some con¬ 
ceptually fairly simple operations. For example, an office auto¬ 
mation display might contain windows of different text, much 
like papers on a physical desk. These windows can be indi¬ 
vidually scrolled, or can overlap and can be dragged across the 
screen. Updating such a display requires the manipulation of 
hundreds of thousands of pixels within one frame time. The 
upper limit is obtained by computing the bandwidth required to 
update the whole screen in one frame time. A smooth scrolling 
of a 1024 X 1024 screen requires a bandwidth of 60 Megabits/ 
second because both a read and a write has to be performed 
for every pixel within 1/30 of a second. Therefore, an interac¬ 
tive bit-mapped graphics system needs very high speed bit 
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Figure 3. Intelligent Bit-Mapped Graphics Control Architecture 


level data movement ability. These problems are solved by 
putting the appropriate capabilities in a high performance 
graphics processor, as shown in Figure 3, thereby offloading 
the host computer with some of the time consuming graphical 
operations. Commands, in the form of higher level program 
primitives, are sent by the host to the graphics processor 
through a display list memory. They are in turn interpreted by 
the graphics processor to perform the desired functions. Real 
time interaction also means that the graphics processor has 
enough intelligence to decode the course of action (update/ 
motion dynamics) without much Intervention of the host. The 
display memory, also called frame buffer, is typically a 3 
dimensional memory where the X, Y coordinates are the reso¬ 
lution (e.g., 512 x 512 or 1024 x 1024), and the Z coordinates 
contain intensities or colors (e.g., a 4 (8) plane frame buffer 
allows 16 (256) colors to be simultaneously displayed). Fur¬ 
thermore, the frame buffer outputs are usually connected to a 
color look-up table, allowing the choice of colors from the 
palette. For example, a look-up table with 3 channels, each 
with 8-bit outputs form a palette with 16.7 million colors. 

The outputs of the color table are then converted to analog 
signals to drive the color video outputs. The display memory 
controler addresses the frame buffer and performs three func¬ 
tions - video refresh, video update and dynamic memory re¬ 
fresh. Video refresh requires the adjustment of the displayed 
image format at various update rates and the shifting out of the 


bit-map contents to the CRT fast enough to provide a flicker 
free display. Video update takes place during retrace blanking 
for writing Information into the bit-map to modify the display. 
Memory refresh takes place at regular intervals to refresh the 
dynamic RAMs used to implement the frame buffer. 

The graphics processor is the heart of the system. Some of 
the required functions and desirable features of a graphic 
processor are: 

1. Direct addressing of the frame buffer memory so that rapid 
update is possible. Display generation and display list man¬ 
agement should be performed interactively. 

2. Powerful data movement and bit level manipulation capabil¬ 
ity such as drawing vectors, characters and filling polygons. 

3. Real time response to conditional tests such as Horizontal 
sync, since pixels are drawn only during display retrace 
blanking in order to avoid memory contention. 

4. Distributed intelligence to respond to the operator and up¬ 
date the display interactively without intervention of the host. 

5. Microprogrammable so that the flexibility of meeting the re¬ 
quirements of various macro commands, instruction set 
primitives, and I/O interfaces Is possible in firmware. 

6. Built-in diagnostics to insure reliable operations and serv¬ 
iceability demanded by most systems. 
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CT MPR-740 


Figure 4. Am29116 Block Diagram 


A very high performance, microprogrammable graphics con¬ 
troller can be implemented using a handful of Am2900 Family 
devices, the key member of which is the Am29116 16-bit mi¬ 
croprocessor. 

Am29116 ARCHITECTURE 

The Am29116 is a powerful 16-bit microprocessor capable of 
supporting lOOnsec microinstruction cycle time. It contains 
features particularly suitable for the rapid data movement 
and bit level manipulation necessary in bit-mapped graphics 
applications. 

The Am29116 includes an on-chip 32 x 16 RAM with latched 
outputs, a 16-bit accumulator, a 16-bit priority encoder, a 
status register, a condition-code generator/multiplexer, 16 
three-state output buffers and a 16-bit instruction latch and 
decoder (Figure 4). 

The single-port RAM has output latches which are transparent 
when the clock input CP is HIGH and latched when CP Is 
LOW. Data is written into the RAM while the clock is low if the 
lEN input is LOW and the instruction being executed selects 
the RAM as destination. Data is written into the low-order 8 bits 
of the addressed word for byte instructions. Separate read and 
write RAM addresses may be used by supplying a multiplexer 
on instruction inputs I 4 - Iq, using CP as the select signal. 


The accumulator, which is edge-triggered, accepts data on the 
LOW-to-HIGH transition of CP if lEN is LOW and the instruc¬ 
tion being executed selects it as the destination. As with RAM 
locations, byte Instructions modify only the lower half of the ac¬ 
cumulator, while word instructions modify the full register. 

The data input latch (D-latch) holds the data input to the ALU 
on the bidirectional Y bus. The latch Is transparent when the 
DLE input is HIGH and latched when the DLE input is LOW. 
The sources of the ALU operation are the RAM, the ac¬ 
cumulator, the D-latch and the instruction inputs during 
IMMEDIATE instructions, and the 16-bit barrel shlW Is one of 
the ALU inputs. This permits rotating source data up to 15 pos¬ 
itions in both byte and word modes. 

The ALU, which can operate on one, two, or three operands 
depending upon the instruction being executed, contains full 
carry lookahead across all 16-bits. All ALU operations can be 
performed in either word or byte mode. Status outputs Carry 
(C), Negative (N), and Overflow (OVR) are generated at the 
byte level for byte-mode operations and at the word level for 
word mode operations. A fourth flag. Zero (Z), Is generated 
outside the ALU and also operates in either b^e or word mode. 
The Stored Carry (QC) bit of the status register may be 
selected (along with 0 and 1) as the ALU carry input to support 
multi-precision arithmetic operations. 
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The Priority Encoder produces a binary-weighted code to indi¬ 
cate the location of the highest order ONE at its input. The 
input to the Priority Encoder is generated by the ALU which 
performs an AND operation on the operand to be prioritized 
and a mask. The mask determines the bit locations to be elimi¬ 
nated from prioritization. In the word mode, if no bit Is HIGH, 
the output is a binary zero, if bit 15 is HIGH, the output is a 
binary one, bit 14 produces a binary two, etc. Finally, if only bit 
0 is HIGH, a binary 16 is produced. 

The 8-blt status register and the condition code generator/ 
multiplexer contain the Information and logic necessary to de¬ 
velop 12 condition-code test signals. The multiplexer selects 
one test signal and places it on the condition-code test (CT) 
output for use by the microprogram sequencer. The multiplexer 
is addressed in two ways. In the first, which Is used to 
maximize throughput, the T-bus is used in input-only mode to 
specify the multiplexer select position directly. In the second, 
the CT output is selected through a test instruction. 

The output enable Y-bus (OEY) input ena bles t he 16 three- 
state output buffers when It is LOW. When OEY is HIGH, the 
output buffers are put in the high-impedance state (allowing 
data to be applied to the D-latch from the controller’s 16-bit 
data bus). 

The 16-bit Instruction latch is normally transparent to allow de¬ 
coding of the 16 instruction inputs, I 15 -I 0 , into internal control 
signals for the Am29116, and the execution of the instruction 
within a single clock cycle. The only exceptions to this rule are 
the Immediate-operand Instructions, which execute in two clock 
cycles rather than one. These are captured in the instruction 
latch during the first clock and executed during the second. It is 
during the second clock that the immediate operand, which re¬ 
sides in the I 15 -I 0 field of the next microinstruction, is fetched 
and execution is completed. Immediate instructions are useful 
whenever masks and special arithmetic constants are needed. 
(The Am29116 allows the addition or subtraction of 2N, and the 
use of 2N and its complement as a mask, for any N between 0 
and 15 within a single clock, so that for these 16 common num¬ 
bers and 32 common masks, an immediate instruction Is not 
required). 

Am29116 Instructions 

The 16-bit instructions of the Am29116 can be grouped into 
eleven types, which correspond in a natural way with the 
Am29116’s internal instruction decoding logic; single operand, 
two operand, single bit shift, rotate and merge, bit oriented, ro¬ 
tate by n bits, rotate and compare, prioritize, cyclic redundancy 
check, status and no-op. A system 29 AMDASM DEF file is 
available to provide the user with pre-defined mnemonics to 
microcode the Am29116. 

For example, the AMDASM SRC file line 

SOR W,INC,SORY,R1 

increments the full 16-bit contents of Am29116 RAM location 1 
by one and places it onto the Y-bus and 

TORI B,SUBR,TORAR,R2 

subtracts the low-order byte of the accumulator from the low- 
order byte of RAM location 2 while leaving the high-order byte 
of location 2 unchanged. 

Table 1 summarizes the basic operations that Am29116 in¬ 
structions can perform within a single cycle. (Two cycles are 
used if one operand is immediate data.) Note that for a typical 
line of this table, there are several Am29116 mnemonic opera¬ 
tion codes, depending upon the choice of operand source(s) 
and destination. Many of the operations prove particularly 


TABLE 1. SINGLE-CLOCK Am29116 OPERATION 


Add 

Add with Carry 
Add 2N 
AND 

Complement 
Accumulate forward CRC 
Accumulate reverse CRC 
Exclusive NOR 
Exclusive OR 
Increment 
Load 2N 

Load 2N Complemented 

Move 

NAND 

Negate (2’s complement) 

NOR 

OR 

Prioritize under mask 
Reset bit N 
Reset status bit 
Rotate N bits 

Rotate N bits and compare under mask 

Rotate N bits and merge according to mask 

Set bit N 

Set status bit 

Single bit shift 

Subtract 

Subtract with Carry 
Subtract 2N 
Test bit N 
Test status bit 



useful when implementing an intelligent graphics controller. For 
example, the manipulation of the arbitrary length, arbitrarily- 
aligned pixel data field is facilitated by the rotate and merge 
instruction. A 16-bit operand is rotated by N bits and combined 
with a second 16-bit operand under mask within a single cycle. 
The instructions which add and subtract 2N, load 2N and its 
complement, allows creation of commonly used masks in a 
simple and efficient manner. Inverse video, image exclusive 
OR’ed with background requires bit level set, reset and test 
instructions. Detecting edge boundary in polygon filling requires 
the prioritize instructions. 

Am29116 BASED BIT-MAPPED SYSTEM ARCHITECTURE 

Figure 5 is a simplified system block diagram of the Am29116 
based bit-mapped graphics processor, and shows all of the re¬ 
quired function and desirable features previously discussed. 
The Am29116 provides the capability of drawing graphics 
primitives into the frame buffer at high speed with minimal host 
computer involvement. The processor can draw vectors, 
characters and fill polygons at the rate of one pixel every 
lOOnsecs, with an average drawing speed of 2 million pixels 
per second. 

The microprogrammed graphics processor contains a control 
section and a data path section. The control section consists of 
a microprogram sequencer (Am2910A) to produce the next 
microprogram address for the registered control memory 
(Am27S35), and ALU status flags, horizontal sync and other 
system test conditions are examined by the sequencer to de¬ 
termine the program flow. The macro commands are stored in 
some sort of display list memory and are interpreted by the 
sequencer. These commands are downloaded from the host 
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Figure 5. 


CPU through either programmed I/O or a DMA interface, read¬ 
ily implemented using the Am2940 DMA address generator 
and the Am2950 parallel I/O data port. 

The display controller consists of three sections: dynamic 
memory refresh, video update and video refresh. Video update 
occurs during retrace blanking and is accomplished by writing 
pixels into the locations pointed to by the CPU X, Y counters. 
There is also a memory write data register (MWR) for the 
Am29116 so that the Am29116 does not have to wait a full 
memory cycle during write. Video refresh is performed through 
the display X, Y counters with logic for automatic starting ad¬ 
dress reload. The frame buffer data is sent to a video shift re¬ 
gister, and in conjunction with the color look-up table allows 16 
colors to be displayed simultaneously from a palette of 16.7 
million. There is also a readback path for the frame buffer data 
to be examined by the Am29116. The architecture shown uses 
one Am29116 to control multiple bit planes. There is associated 
with the display memory a write mask register which functions 
with the pattern circuitry in selectively modifying individual 
memory planes. The Am29116 is the heart of the system, pro¬ 
viding the intelligent, high performance, high resolution color 
graphics capabilities through its controller oriented architecture 
and instruction set optimized for data movement and bit 
manipulation. 

GRAPHICS OPERATIONS 

The architecture of the Am29116 is ideally suited for im¬ 
plementing the primitive graphics operations necessary in a 
bit-mapped graphics processor. An example of a graphics pro¬ 
cessor instruction set (courtesy of Metheus) is given in Table 2. 
Most operations reference two pointer registers (P-j and P 2 ) 
resident in the graphics processor. For example the command 
MOVpi X, Y will load Pi with the bit location specified by X, Y. 
The DRAW instruction will draw a line between P-j and P 2 .The 


use of these two dedicated registers reduces the number of 
bits necessary to define an instruction; this allows the graphics 
processor to be easily interfaced to any 16-bit microprocessor 
bus, either as an I/O port or via DMA operation. 

DEFINE POINT 

The most primitive graphics operation draws an individual point 
on the display, and when iterated, can be used to build more 
complex structures. Graphics structures such as lines, rec¬ 
tangles and polygons can be constructed out of individual 
points, and characters can also be drawn by plotting individual 
points using a technique similar to that used by dot matrix dis¬ 
plays and printers. Additionally some of the more complicated 
algorithms require individual points to be added or removed. 
For example, line smoothing techniques (anti-aliasing) require 
individual points to be added adjacent to sorhe lines to 
minimize their jagged appearance. 

The algorithm for drawing a point on the display is a single 
address translation operation. The display processor Is given 
the point in the form of an absolute coordinate (addresses 
relative to the cursor registers Pi and P 2 are possible also, and 
easily implemented by computing an absolute address) on the 
display memory and must map that bit location into the bit¬ 
map memory. This logical-to-physical-address mapping is re¬ 
quired because IK by IK logical display memory |s actually 
implemented with 16 bits of 64K memory chips. 

Figure 6 shows the two memory organizations, and the dif¬ 
ferent address formats. The translation operation simply takes 
the two 10-bit addresses and generates a 16-bit word address 
and the 4-bit bit address. 

As shown in Figure 7, the rotate arid rrierge instruction can be 
used to construct the new 16-bit word In two cycles. The first 
cycle left-justifies the 10-bit Y address by rotating It up 6 bit 
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TABLE 2. DISPLAY CONTROLLER INSTRUCTION SET 


initialization 


PATTd 

- select drawing pattern and mode 

INIT 

- reset and initialize 

SETC-1 d 

- select character size 

Display Pointer Move 

SETC-2 d 

- select character rotation and mirror 

MOVP1 x.y 

- move pointer 1 to x.y 

Display Control Commands 

MOVP2 x.y 

- move pointer 2 to x.y 

ZOOMd 

- select horizontal and vertical zoom factors 

RMOVP1 dx.dy 

- relative move pointer 1 by dx.dy 

PPAN x,y 

- pan to origin at x.y 

RMOVP2 dx.dy 

- relative move pointer 2 by dx.dy 

CMAP a.d 

- load color map address a with data 

POLYS 

- begin polygon define 

BLNKON 

- turn on blink mode 

POLYV x.y 

- add polygon vertex 

BLNKOF 

- turn off blink mode 

Drawing Commands 

Data Transfer Commands 

DRAW 

- vector draw 

WRR d ... 

- block write rectangle defined by PI and P2 

CHAR 

- draw character at PI 

RDR 

- block read rectangle defined by PI and P2 

ARCn 

- draw arc or circle using center PI and initial point 

PIXBLT w,h,f 

- block pixel move from PI to P2 of rectangle of 


P2; arc length or circle circumference is n pixels 


width w. height h and direction f 

RECT-1 

- outline rectangle defined by PI and P2 

READP 

- read pixel color at PI 

RECT-2 

- fill rectangle defined by PI and P2 

WRITEP c 

- write pixel at PI in defined color 

FFILL 

CLEAR 

- FLASH-fill of rectangle defined by PI and P2 

- clear image memory (also clear or set individual 
planes) 

Cursor Commands 

CURS - enable cursor display at PI 

POLYF 

- polygon fill 

Utility Commands 

POLYO 

- outline polygon 

CRCRD 

- read CRC data register 

AFILL-1 

- random area “seed” fill 

SYNCH 

- wait for vertical retrace (for animation) 

RLFILL n 

- runlength fill from PI 

READC 

- reads hardware configuration and microcode 

Drawing Control Commands 


version 

SETD d 

- set drawing data register 



SETMd 

- set drawing mask register 




Courtesy Metheus 



Figure 6. Memory Organization and Address Translation 
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Figure 7. Simplified Am29116 Graphics Processor System Diagram 
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Figure 8. Line Draw Operation 


positions. The upper 6 X address bits are then rotated down, 
and merged onto the 6 vacant bit positions to form the desired 
16-bit quantity. The remaining task of setting a single bit in the 
16-bit word can be easily accomplished by reading the word 
from the display memory and using the set 2N instruction, with 
the 4-bit X-j quantity as the index (either thru a jump table, or 
via an N bit register). The modified word is then written back 
resulting in the desired bit being set In the display. Alternate 
implementations could do the mapping In hardware, but would 
be more difficult to change when upgrading memory. As seen 
in Figure 8, a horizontal line can result in 2 main cases; end 
points inside the 16-bit word, and zero or more words separat¬ 
ing end points. In the first case the bits between Pi and P 2 
must be set. This can be accomplished in the Am29116 by first 
setting all the bits above P-| and then resetting the bits above 
P 2 . These operations can be easily implemented in the 
Am29116 by generating a mask word (either in microcode or 
hardware) to allow setting or resetting of the upper or lower bits 
of a word. The multiple word horizontal line can be handled by 
using the set instructions on the lower word, selectively setting 
all whole words (if any) between P-j and P2, and finally setting 
all bits'below P 2 - 

Vertical lines are very easy. The lower 4 bits of the address 
specify which bit in the 16-bit word is to be set; this operation Is 
then iterated over the range between Y-j and Y2. The set 2*^ 
operation in the Am29116 is ideal. 

A more complicated situation exists when P-j and P2 are not 
orthogonal. In this situation a slope exists between P-j and P2 


(Y/X), and it is necessary to calculate the succession of points 
needed to draw the line. Calculation of the slope requires a 
divide operation, a 10-bit divisor and a 20-bit dividend with a 
10-bit quotient. 

Once the slope is calculated the line drawing algorithm uses 
successive add operations to compute dot locations. The X lo¬ 
cation Is incremented by 1, and the Y location by the slope (the 
Y location count is a 20-bit count to allow for the worst case 
slope of 1/1024). As long as the upper 10 bits of the Y counter 
don’t change, the dot at the X location is set. When the upper 
10 bits of the Y counter increment, the word is written into 
memory and the next word fetched. This algorithm terminates 
when P 2 is set. 

The Am29116 contains all the resources and instructions 
necessary to implement the line drawing aigorithm. The slope 
divide can be implemented in the Am29116 as a succession of 
subtract and shift operations: at 4 cycles per bit and 20 bits this 
will take about 80 cycles (at 100ns per cycle, this is only 8 
microseconds). The slope only needs to be computed once per 
line, and can be overlapped with the memory access time, re¬ 
sulting in almost no overhead. 

The 20-bit counter can be implemented with 2 of the 32 16-bit 
scratch pad storage registers. The increment with carry 
instruction is used to cascade to a 20-t)it address. More com¬ 
plicated draw instructions are possible, and one that is very 
useful is the draw rectangle instruction. It uses P-j and P2 to 
define a rectangle, and implementation is easy when the draw 
horizontal and draw vertical line instructions are implemented. 
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Figure 9. Polygon Fill Operation 




Figure 10. Polygon Fill Algorithm 



MPR-846 


The locations of intermediate points A and B can be computed 
and calls to the appropriate horizontal or vertical line drawing 
routines executed. 

FILL OPERATIONS 

One of the more complicated graphics functions is the FILL 
operation. This operation is used to replace the inside of a 
closed figure with a new value. Figure 9 illustrates how the 
FILL command, FILL POLYGON, would work. FILL POLYGON 
(Pl) would replace the POLYGON enclosing Pi with the seed 
value. This operation is used most often to “highlight” a par¬ 
ticular structure of the display. For example, in a VLSI CAD 
system, a polygon might represent a particular diffusion pattern 
or metalization layer. Different areas need a different pattern or 
color to make it easy for the designer to distinguish one struc¬ 
ture from another. 

Nothing more than an interior point needs to be specified for 
the FILL POLYGON command. The algorithm is smart enough 
to figure out all internal points (or conversely all exterior points). 
The advantage of moving this intelligence to the drawing pro¬ 
cessor is a reduction in the host overhead. The host contains 
all the logical information about the polygon (verticles, line 
segments, etc.) in the figure data base. Computation of all the 
interior (or exterior) points from this information is possible, but 
the drawing processor can implement it much quicker by ac¬ 
cessing the raw data and processing it. This is the main reason 
for the migration of intelligence from the process or to 
peripherals. In many cases a small amount of intelligence lo¬ 
cated at the data can provide sufficient processing capability to 
dramatically reduce the overhead on the central processor. 


POLYGON FILL ALGORITHM 

As illustrated in Figure 10 the algorithm consists of scanning 
from the seed point (Pi) to the edge of the display (or alter¬ 
nately an enclosing rectangle, bounded by X and Y in Figure 
10). Each time a line is crossed, the inside-flag is toggled, indi¬ 
cating a change from inside to outside or vice versa. (This is a 
topological tautology. Everytime a line of a closed figure is 
crossed the point changes from being enclosed to being out¬ 
side, or from being outside to being inside). This is terminated 
when a line contains no inside portion. Once the “bottom” is 
detected, a scan from P-j is generated upwards until a “blank” 
line is encountered. These two scans result in a completely 
filled polygon. 

The Am29116 contains two special instructions which make it 
easy to implement the POLYGON FILL operation. The priority 
encode instruction and the N bit set instruction combine to 
implement a set-to-boundary primitive which can be used to 
construct the FILL POLYGON Instruction. The set-to-boundary 
instruction takes a starting point and sets all elements to the 
right of the point (or left, depending on the direction specified) 
until a boundary is discovered. The words are fetched in 16-bit 
increments. The priority encode instruction will return a value 
associated with the location of the first non-zero bit in the word. 
If no 1 is discovered the entire word is set and written to the 
display memory. The next word is read and the process is re¬ 
peated until a 1 is discovered, at which time the output of the 
priority encoder indicates the address of the bit. The set in¬ 
struction can then be used to set ail bits up to the addressed 
bit. Once a perimeter point is discovered the inside/outside flag 
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is toggled. Outside the polygon, a search-to-boundary instruc¬ 
tion is used to find the next boundary (it terminates on the dis¬ 
play boundary). This instruction is a simple modification to the 
set-to-boundary instruction; the set operation is deleted. 

BIT BLOCK TRANSFER (BITBLT) 

One powerful basic operation commonly used in graphics in¬ 
volves the manipulation of a rectangular array of bits. Typically, 
the bit block transfer (BITBLT) operation accesses bits from a 
source rectangle, performs a function on them, and stores the 
result in the destination rectangle. Figure 11 illustrates a possi¬ 
ble configuration of the source and destination rectangle, em¬ 
bedded in separate bit maps. Successive bit pairs are taken 
from the source and destination bit stream respectively. The 
operation is iterated over all corresponding pixels of width W, 
and repeated again on a line by line basis to height H. 

The BITBLT operation can be used to implement various func¬ 
tions. For example, the frame buffer memory Is generally larger 
than the visible screen, and the invisible parts typically contain 
libraries of character fonts, menus, and various symbols. The 
particular text and symbols can be displayed by being specified 
as the source rectangle for the BITBLT operation, and moved 
to any part of the screen. Similarly, windows can be scrolled 
smoothly by copying them to the new location and clearing the 
reclaimed area. 

To implement BITBLT effectively, parallel bits of data need to 
be accessed from and stored to the frame buffer memory. 
However, the source and destination rectangles can lie any¬ 
where within the frame buffer and they are often not located 
conveniently along the arbitrary word boundaries. If it is neces¬ 
sary to write 16 non-aligned pixels into the frame buffer mem¬ 
ory, the write might have to be split up as two separate writes 
into adjacent words of memory. The inner loop of BITBLT 


reads 16 bits from the source and destination rectangles, oper¬ 
ates on them and writes the result back to the destination. 
Neither of these rectangles need to be word-aligned; however, 
by handling the end conditions appropriately, the inner loop can 
be modified such that the destination word is aligned with the 
word boundary; the source can be across two words, as shown 
in Figure 12. A 16-bit object is extracted from two adjacent 
words of the source rectangle and combined with the destina¬ 
tion word to form the result. The two source words have to be 
rotated to allow the extraction of the desired 16 bits; the rota¬ 
tion count is the alignment difference between the source and 
destination rectangles. The two rotated words are then masked 
and combined to yield the destination word. The rotate count 
and required mask can be precomputed for each BITBLT 
operation. 

Figure 13 illustrates an often used BITBLT variation - copy 
and the corresponding inner loop implemented by the 
Am29116. The mask is precomputed and stored in RAMq of the 
Am29116. The rotate count, r, is also precomputed. It can be 
stored in an external N-register for instruction modification of 
the rotate instruction, or alternatively, the precomputed rotate 
count can be used as an index to a branch table with 16 sepa¬ 
rate instructions for each appropriate rotate count. Here, the 
tradeoff is between cycle time (having an N-count register ex¬ 
ternally will add a multiplexer stage delay to the Am29116 in¬ 
struction path) and control memory (since each inner loop has 
to be repeated 16 times in memory with different rotate count). 
While the inner loop takes only three microcycles and two 
Am29116 microinstructions, two memory cycles from the frame 
buffer memory (one read and one write) are performed. The 
Am2925 can be used to stretch the microinstruction cycles 
during these times, or a frame buffer memory with a higher 
bandwidth can be designed to allow the inner loop to proceed 
at maximum speed. 



COPY RECTANGLE 



MPR-847 


Figure 11. BITBLT Operation 
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RO contains a pre-computed mask, 
n contains a pre-computed rotate count. 


MPR-849 

Figure 13. Inner Loop of Copy Operation 
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ADDITIONAL OPERATIONS 

More complex operations can be implemented with the same 
primitives discussed previously. Polygon rotation allows a 
graphics object to be positioned in any orientation. For exam¬ 
ple, in a Computer Aided Design environment for mechanical 
equipment, a metal plate could be defined, then placed with a 
different orientation on the assembled structure. Windowing 
opens a viewport on the display to show a portion of a different 
diagram. This allows many multiple displays to be shown on 
the screen at a time, as in Defender, where a window showing 
a global, strategic view is placed above the more detailed tacti¬ 
cal display. Finally zoom (magnification of a section of a dis¬ 
play) and pan (moving a window to select a view from a larger 
display) allow the user greater flexibility in large graphics 
environments. 


Up to this point the discussion has been limited to two dimen¬ 
sional graphics objects. The extension to three dimensional 
objects requires additional number crunching capabilities, and 
a hardware multiplier is necessary. The Am29116 combined 
with the Am29516/517 16-by-16 multiplier will allow some three 
dimensional graphics operations to be implemented. Three 
dimensional rotation algorithms are very multiply intensive and 
the 65ns multiply time of the Am29516/517 is fast enough to do 
the necessary calculations In real time. Two dimensional pro¬ 
jections of three dimensional objects are also very useful in 
Computer Aided Machining applications, but are also very mul¬ 
tiply intensive and the hardware multiply capability is a neces¬ 
sity in an interactive environment. 
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Eight-Bit Ani29116 I/O Support 


DISTINCTIVE CHARACTERISTICS 

• Reads both registers on A-port 

• Noninverting outputs 

• Eight-bit bidirectional I/O port 

• Separate clock, clock enable and three-state output 
enable to synchronize data between two bidirectional 
buses 

• 24mA output current sink capability 

• 24-pin slim package 

• Additional accumulator to support certain Am29116 
applications 


GENERAL DESCRIPTION 

The Am29118 is an eight-bit wide bidirectional parallel data 
input/output port designed to provide an additional 
accumulator when used with the Am29116 or with any mi¬ 
croprocessor with single bidirectional data port. In addition, 
it can be used as a parallel data input/output port, like the 
Am2952. The Am29118 is a metal mask option of the 
Am2952A, and so requires no additional pins to support the 
Am29116 input/output structure. 


RELATED PRODUCTS 
Part No. Description 

Am29116 High Performance 16-Bit Bipolar 

Microprocessor 

Am2910A Microprogram Controller 

Am2914 Vectored Priority Interrupt Controller 

Am2925 System Clock Generator and Driver 

Am2940/2 DMA Address Generator 

Am2950-3 8-Bit Bidirectional I/O Ports 

Am29800 Family High Performance Bus Interface 


Figure 1. The Am29118 Block Diagram 


CONNECTION DIAGRAM 
Top View 
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Pin 1 is marked for orientation. 
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This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you to 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 
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FUNCTIONAL DESCRIPTION 

The Am29118 has two eight-bit wide registers (R-Register and 
S-Register) connected back to back for moving data in both 
directions between two buses. The R-Register serves the dual 
purpose of transmitting data from one bus (device’s internal bus) 
to another (system bus), and serving as an additional ac¬ 
cumulator for the Am29116. 

The accumulator function is implemented by allowing the A-port 
to provide read and write data from the R-Register and read 
data from the S-Register; the B-port provides read data for the 
R-Register and write data for the S-Register (similar to the 
Am2952). This additional function in the Am29118 is im¬ 
plemented with a two-input rhultiplexer, as shown in Figure 1. 
Each regi^r has an individual clock (CPr and CPs), a Clock 
Enable, (CEr and CEs), and a three-state Output Enable 
(OEas and OEbr)- The clock enable signal for the R-Register 
(CEr) and the Output Enable Signal for the S-Register (OEas) 


are encoded to make the R-Register an accumulator, in addition 
to all the Am2952 functions as shown in Table 1. Because of this 
encoding, transferring data from the S-Register to the R- 
Register is not permissible. 


TABLE 1. 


OEas 

CEr 

Function 

0 

0 

Read R, Disable CPr 

0 

1 

Read S, Disable CPr 

1 

0 

Enable CPr 

1 

1 

Disable CPr 


Figure 2. System Configuration 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65 to +150°C 

Temperature (Ambient) under Bias 

-55to+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5 to +7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5 to+Vcc max 

DC Input Voltage 

-0.5 to +5.5V 

DC Output Current, into Outputs 

DC Input Current 


OPERATING RANGE 


Part Number 

Range 

Temperature 

Vcc 

Am29118DC 

COM’L 

Ta = 0 to +70°C 

Vcc = 5.0V ±5% (MIN = 4.75V, MAX = 5.25V) 

Am29118DM 

MIL 

Tc = -55 to +125°C 

Vcc ^ 5.0V ±10% (MIN = 4.50V, MAX = 5.50V) 


Am29118 

DC CHARACTERISTICS OVER OPERATING RANGE 


Parameters Description Test Conditions Min Typ Max Units 


Vqh 

Output HIGH Voltage 

Vcc = MIN 

V|N = V|H or V,L 

Ao-7. Bo-7 

MIL, Iqh = -2mA 




Volts 

COM’L, Iql = -6.5mA 




Vql 

Output LOW Voltage 

Vcc = min 

V|N = V,H or V|L 

Ao- 7- B0r7 

MIL, loL= 16mA 




Volts 

COM’L, Iql = 24mA 




ViH 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 



. 


Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 





Volts 

Vi 

Input Clamp Voltage 

Vcc = min, I|n - -18mA 





Volts 

IlL 

Input LOW Current 

Vcc = max, V|n = 0.5V 

6 

DQ 




fxA 

Others 




/aA 

l|H 

Input HIGH Current 

Vcc = max, V|n = 2.7V 

Ao-7- Bo-7 





Others 




l| 

Input HIGH Current 

Vcc = max, V|n = 5.5V 





< 

E 

lo 

Output Off-state 

Leakage Current 

Vcc = max 

Ao-7. Bo-7 

Vo = 2.4V 




fiA 

Vo = 0.4V 




•sc 

Output Short Circuit Current 

Vcc = max 





mA 

•cc 

_ 

Power Supply Current 



Ta = 25''C 




mA 

Vcc = max 

COM’L 

Ta = 0 to +70°C 




Ta = +70°C 




MIL 

Tc = -55 to +125°C 




Tc = +125°C 
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SWITCHING CHARACTERISTICS 

The tables below define the Am29118 switching characteristics. Tables A are setup and hold times relative to a clock LOW-to- 
HIGH transition. Tables B are propagational delays. Tables C are pulse-width requirements. Tables D are enable/disable times. 
All measurements are made at 1.5V with input levels at 0 or 3V; All values are in ns with R|_ on Aj and Bj = 22011 and Rl on FS 
and FR = 3000. Cl = 50pF except output disable times which are specified at Cl = 5pF. 

GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 

(Ta = 0 to +70°C, Vcc = 4.75 to 5.25V, Cl = 50pF) 

A. Setup and Hold Times B. Propagation Delays 


Input 

Ao-7 

Bo-7 

CPS J 



CPR 




Input 

With 

Respect to 

ts 

th 

Aq.? 

CPR 

J 



Bo-7 

CPS 

I 




CPS 

J 




CPR 

I 




C. Pulse-Width Requirements D. Enable/Disabie Times 


Input 

Min LOW 
Pulse Width 

Min HiGH 
Pulse Width 

CPS 



bPR 




From 

To 

Disabie 

Enabie 

^AS 

Ao-7 



OEbr 

Bo-7 




GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 

(Tc = -55 to + 125°C, Vcc = 4.5 to 5.5V, Cl = 50pF) 

A. Setup and Hold Times B. Propagation Delays 


input 

With 

Respect to 


th 

Ao-7 

CPR S 



Bo-7 

CPS S 




CPS S 



CEr i 

CPR S 




Input 

Ao-7 

Bo-7 

CPS S 



CPR S 1 

_ 



C. Pulse-Width Requirements D. Enable/Disable Times 


Input 

Min LOW 
Pulse Width 

Min HIGH 
Pulse Width 

CPS 



CPR 




From 

To 

Disable 

Enable 


Ao-7 




Bo-7 

i 



Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
cause erroneous function failures due to Vcc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground 


cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
ViL ^ 0.4V and Vjh 5 = 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation 
on our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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APPLICATIONS 

In the Am29116 system, there is only one I/O port available for 
data communication with the ALU. In such a system, the 
Am29118 acts as an additional accumulator (temporary storage) 
to increase performance, and also provides capability of a 
bidirectional I/O port (like the Am2952). 

Figure 2 shows the connections necessary for the Am29118 to 
be used as an accumulator as well as a bidirectional I/O port. 
The A-port is connected to the Y-bus (internal bus) of the 
Am29116, and B-port is connected to the system data bus. Four 
microcode bits are used for source and destination control for 
the Y-bus and the system data bus. Figure 3 shows the timing 
waveforms to modify an accumulator (R-Register) in two mi¬ 
crocycles. During the first cycle, data is read from the 
R-Register, modified in the Am29116 and stored in one of the 
internal registers. A two-address architecture is required if the 
second operand to modify the R-Register Is in one of the RAM 
registers, and the result has to be stored in another RAM regis¬ 
ter. For stable operation, data from the R-Register is latched in 


the D-Latch halfway through the clock during the first cycle. The 
instruction is executed and the result stored Into a scratchpad 
register. In the second cycle, data is moved from the internal 
result register to the R-Register of the Am29118. Figure 4 shows 
the timing waveforms to modify an accumulator (R-Register) in 
a single microcycle. In the first half of the cycle the source re¬ 
gister is enable on the Y-bus into the D-Latch of the Am29116. 
The D-Latch is transparent during the first half of the cycle. In 
the second half of the cycle, data is latched in the D-Latch and 
the bus source is disabled. During the second half of the cycle, 
the output buffer of the Am29116 is enabled to bring the result on 
the Y-bus to be loaded into the destination. These two 
techniques provide different advantages and disadvantages to 
modify the external accumulator using the Am29116. The first 
technique (Figure 3) takes two microcycles but allow a shorter 
microcycle time. The second technique (Figure 4) takes only 
one microcycle but needs a longer microcycle time. There is 
also a requirement for the system bus to transfer data as Input to 
the Am29116. The S-Register is used in this case to receive 
data from the system bus (like the Am2952). 


Figure 3. Timing Waveforms for Modifying R-Register in Two Microcycie using the Am29116 
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Figure 4. Timing Waveforms for Modifying R-Register using the Am29116 
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Am29118_____ 

ORPERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 

Am29118 Package Type Operating Range Screening Levei 


Order Number 

(Note 1) 

(Note 2) 

(Note3) 

AM29118DC 

D-24 

C 

C-1 

AM29118DC-B 

D-24 

C 

B-2(Note4) 

AM29118DM 

D-24 

M 

C-3 

AM29118DM-B 

D-24 

M 

B-3 

AM29118XC 

Dice 

C 

\ Visual inspection 

J to MIL-STD-883 

AM29118XM 

Dice 

M 

) Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is 
number of leads. See Appendix B for detailed outline. Where Appendix B 
contains several dash numbers, any of the variations of the package may be 
used unless otherwise specified. 

2. C = 0 to 70°C, Vcc = 4.75 to 5.25V, M = -55 to +125°C. Vcc = 4.50 
to 5.50V. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to 
MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 

4. 96 hour burn-in. 


METALLiZATiON AND PAD LAYOUT 
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The Am29500 Family 

A New High ■ Performance Architecture 
for Digitai Signal/Array Processing 


The "new system designs of the ’80s will continue to press the 
performance limits of technology. Parallel processing and 
pipelined architectures will become the standard approach. The 
new architectures are best implemented with a chip set that has 
been designed from the ground up with high speed array 
processing in mind. 

The Am29500 Family is designed specifically for these new 
architectures. Every key product feature supports the system end 
objective of maximum performance and flexibility. These include: 

• Microprogrammable, parallel functions 

• Pipelined organization used throughout 

• IMOX^*^ process and ECL internal structures 

• TTL I/O for easy interfacing 

The first members of the family are targeted for the efficient 
execution of DSP and array processing algorithms. The most 
common include Infinite Impulse Response (HR) and Finite Im¬ 
pulse Response (FIR) digital filters and Fast Fourier Transform 
(FFT) processors. 

The first major building blocks are designed to support maximum 
performance signal processing applications. 

Included are: 

• Am29501 Multi-Port Pipelined Processor 

A specialized parallel processor which executes multiple 
simultaneous data operations. Its Register/ALU structure pro¬ 
vides the key functional element for a high performance signal 
processing system. Eight-bit slice! 


• Am29540 FFT Address Sequencer 

This algorithm-specific VLSI chip generates data and coeffi¬ 
cient addresses for the Fast Fourier Transform. It supports a 
wide variety of FFT algorithms in either radix-2 or radix-4. 

• Am29516/29517 High Speed 16 x 16-Bit Parallel Multipliers 

Both are 16 x 16-bit Parallel Multipliers. The Am29516 is pin 
and functionally compatible with the MPY-16HJ, but with an 
added multiplexer to output the LSP at the MSP port. The 
Am29517 is the same function, but with clock enables 1or 
microprogrammed applications. 

• Am29520/29521 Multilevel Pipeline Registers 

Both devices contain four 8-bit registers for dual two-stage 
(FFT butterfly) or single four-stage (general purpose) data 
or address pipelining. Combined load-and-shift (Am29520) 
or separate load-and-shift (Am29521) control options are 
available. 

• Am29526/29527/29528/29529 High-Speed Sine/Cosine 
Function Generators 

The sine and cosine functions are necessary for Fast Fourier 
Transforms (FFT). The Am29526/527 generate the most sig¬ 
nificant and least significant byte of the 16-bit sine function 
and the Am29528/529 generate the most significant and least 
significant byte of the 16-bit cosine function. The sine and 
cosine functions are generated to provide a range of 6 for a 
half cycle, 0 ^ ^ tt, in increments of 77-/2048. All four units 

have a 50ns maximum commercial generation time. 


HIGH PERFORMANCE SIGNAL PROCESSOR 



Am29520/21 
ADDRESS MULTILEVEL 
CONTROL PIPELINE 
REGISTER 


Am29540 
FFT ADDRESS 
GENERATOR 


INTERFACE 

TT~ 


DATA 

RAM 


COEFFICIENT 
ROM OR RAM 
Am29526/27 
Am29528/29 


w 

Am29501 
MULTI-PORT 
PIPELINED PROCESSOR 





Am29516 OR 




Am29517 

REGISTER 



PARALLEL 

FILE 



MULTIPLIER 


ARITHMETIC 

PROCESSOR 


Am2909/10/11 MICROPROGRAM SEQUENCER 


MPL-025 


7-1 





Am29500 Family 


A high-performance signal processor may be constructed as 
shown in the diagram. The processor is built entirely with new 
Am29500 digital signal processing and Am2900 devices. 
Such a processor is attached as a slave to the main system 
bus to perform the multitude of arithmetic operations which 
prevail in DSP algorithms. 

Using this architecture it is possible to implement a radix- 
2FFT butterfly in four instruction cycles. This allows a 1024- 
point complex FFT to be performed in approximately 2ms. 

Fast multiplicatton is the key to high-speed digital-signal pro¬ 
cessing and high-speed array processing, in addition to the 
Am29516 and Am29517, Advanced Micro Devices is de¬ 
veloping an extensive family of multipliers. The first addition to 
the high-performance multiplier group; 

• Am29510 High-Performance 16x 16 Bit Multiply 
Accumulator 


The multiply accumulator provides single cycle multiply ac¬ 
cumulation or subtraction. The Am29510 is a pin- and 
function-compatible alternate source for the TRW 
TDC1010J. As illustrated with the Am29516/517, the multi¬ 
ply accumulator will have a speed improvement over 
existing multiply accumulators. 

• Am295XX to be announced. 

- More Multipliers 

A proliferation of the existing multiplier architectures will 
generate a complete family of multipliers and multiplier 
accumulators. 

- Floating Point Processors (FPP) 

A 32-bit FPP capable of performing single-cycle 
double-precision floating-point addition, subtraction, 
and multiplication. The FPP performs the arithmetic op¬ 
erations in DEC or IEEE format. Available 1984. 


Am29500 ARRAY PROCESSOR 


HOST COMPUTER 



MPL-026 
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Record signal-processing rates 
spring from chip refinements 

Improved buses, reconfigurability, pipelining, and parallelism unite 
in a bipolar family for building array and signal processors 


by B6rnard Naw and Lyl© Pittroff, Advanced Micro Devices Inc., Sunnyvale, Calif. 


□ The number-crunching microprocessor requirements 
of the 1980s are ill-served by today’s comparatively slow, 
conventional central processing units. Instead, the algo¬ 
rithms executed by both general-purpose array proces¬ 
sors and the more specialized digital-signal processors 
require highly individual architectures for maximum 
speed and performance. Jumping on the fast track is a 
new group of bipolar devices —the AM29500 family— 
that combines internal emitter-coupled-logic circuit 
design for speed with TTL outputs for compatibility with 
the outside world. 

The family is able to overcome such speed-retarding 
problems as inadequate data-bus memory and band- 
widths and slow execution times through a redesigned 
bus structure and parallel and pipelined processing. In 
fact, the bus structure is designed so that there are 
enough parallel buses to keep a device’s multiplier or its 
arithmetic processing unit, or both, busy during each 
cycle. These features, plus programmable reconfigur¬ 
ability, make the 29500 family the fastest group of 
large-scale integrated parts for signal processors to be 
commercially available. In one series of tests, a 29500- 
based system had three times the speed achieved by the 
older 2900 family. 

The 29500 series are general-purpose building blocks. 
They include a byte-slice, multiple-port programmable 
signal processor (the 29501), a 16-by-16-bit parallel 


multiplier with programmable input/output (the 
29516/17), a multilevel pipeline register for data and 
address pipelining (the 29520/21), and a fast-Fourier- 
transform address sequencer (the 29540). 

To increase processor speed, architectural enhance¬ 
ments had to be made to the older 2900 device designs. 
That family took some steps in the right direction 
because it provides many of the peripheral building 
blocks, like interface devices and direct-memory-access 
chips, needed for real-time signal processing. But the 
2900’s arithmetic devices are targeted at general- 
purpose computing. They do not have the parallel chan¬ 
nels that are required for a high-speed array or signal 
processor environment. 

One way of satisfying this need was to upgrade the 
2900 family’s bus structure, number organization, and 
resource management. The new bus structure can sup¬ 
port addition or subtraction and multiplication on every 
cycle because of extra parallel buses. Number organiza¬ 
tion can now handle complex numbers in parallel quick¬ 
ly. In addition, flexibility of resource management per¬ 
mits the building blocks to be interconnected in enough 
ways to support all algorithms of interest efficiently. 

For dedicated-function and multiple-algorithm pro¬ 
cessing (Fig. 1), a special-purpose processor like the 
29501 operates under the control of a host computer 
system that switches large blocks of data between its 
main memory and temporary slave 
through DMA transfer. Once this 
transfer is complete, the special-pur¬ 
pose processor operates under local 
program control. Each algorithm is 
executed by its own software routine, 
which is stored in its own local mem¬ 
ory independently of the host com¬ 
puter and its high-level language. 

Although the precise architecture 
of Fig. 1 varies with the algorithm 
used, all array- and signal-processing 
algorithms have similar needs for 

1, Dual-purpose. In a typical array- or digi¬ 
tal-signal-processor architecture, both dedi¬ 
cated and multiple algorithm functions can 
be implemented. A host computer provides 
overall guidance and a large memory. 
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arithmetic and addressing—short, repetitive calculation 
loops requiring parallelism and pipelining. In addition, in 
digital-signal processing, arithmetic operations using 
complex numbers may be necessary, whereupon the 
computational load increases to twice as many additions 
or subtractions and four times as many multiplications 
as for real numbers. 

Because calculation loops for arithmetic operations 
are short, the 29500 family surrounds the additions with 
continuous memory accesses—data is fetched, the calcu¬ 
lation loop performed, and the results written back into 
memory. Hence there are many times more memory 
accesses than there are data points. For FFTs, the num¬ 
ber of repetitive memory accesses is multiplied by the 
number of passes through the data. Fortunately, 
although the memory-access sequence is long, it is well 
structured, making it possible as a result to design dedi¬ 
cated address sequencers. 

Divide and rule 

The purpose of pipelining is to allow lengthy opera¬ 
tions to be divided into suboperations, so that when 
one piece of data has completed a suboperation, the 
same hardware can start on the next piece. In this way, 
the 29501 allows up to a 500% speed improvement. 

For example, because a typical processor handles a set 
number of algorithms, its architecture can be very spe¬ 
cific concerning arithmetic and address generation —no 
longer does the CPU have to mix addressing with arith¬ 
metic computations. Also, separate sections can be 
streamlined to calculate each type in parallel and fast. 

A significant feature of the data path for the 29500 
family is the fact that the devices handle only data and 
do no address calculations. The data path can, therefore, 
be optimized for arithmetic. 

The 29501 multiport parallel processor also represents 
the current thinking about multiport organization. It has 
a data-bus port, an output port to a multiplier, and an 
input port from a multiplier. The chip can process an 
FFT fast because of its highly parallel internal bus struc¬ 
ture. In this structure, six registers operate as pipelines 
and are connected to the I/O ports and an arithmetic and 
logic unit by 10 separate byte-wide internal buses. 

A typical cycle on the 29501 consists of data input 
from memory, data output to the multiplier, retrieving a 
previous product from the multiplier, and register-to- 
register ALU operations and data moves. Because these 
operations can occur during the same cycle, data manip¬ 
ulation is limited only by the designer’s creativity. This 
flexibility, plus the possibility of parallel processors oper¬ 
ating on complex numbers, is what makes high-speed 
operation possible. 

Twice as fast 

The 29500 family uses two high-speed parallel 16- 
by-16-bit multipliers-the 29516 and 29517. The 29516 
is compatible with TRW’s MPY-16HJ multiplier but is 
more than twice as fast and has an output multiplexer. 
Either the least or the most significant product can be 
selected at this multiplexer output for use in many 
pipelined architecture calculations. 

On the other hand, the 29517 multiplier incorporates 


all the features of the 29516 but has a modified |/o- 
register clocking structure to provide a single-clock input 
with register enables. This approach is preferred to the 
older clock-gating method, which suffers from skews. 

Dedicated addressing 

Address-sequencing complexity for array and signal 
processors can range from integer counting to the com¬ 
plicated number patterns of FFTs. To keep addressing 
speeds high, the 29500 series generates addresses in 
parallel to the data path. However, other architectural 
considerations must also be weighed. 

For a specific application, several system implications 
affect the choice of algorithm from the diversity of FFTs 
available. This choice, together with the transform 
length (or lengths) to be implemented, determines the 
address sequence to be generated. Usually, the nested- 
count nature of these sequences has forced the designer 
to use many medium-scale integrated-circuit packages. 

The 29540 is a single-chip solution to the address¬ 
sequencing problem (Fig. 2). Four control inputs allow 
programmed or hardwired control of the actual number 
of data points in the transform. From this and other 
control-input commands, the 29540 can be sequenced 
through the entire transform while providing output 
flags. These flags indicate when each data pass is over 
and when the entire transform is complete. 

For their part, the 29540’s control inputs accept the 
most common FFT formats. The designer can opt for 
bit-reversed output order or bit-reversed input order, 
radix-2 or radix-4 address sequences, and decimation- 


4-BIT TRANSFORM LENGTH 



2. Multiple sequences. Fast Fourier transforms may have unusual 
address sequences, and with its four control inputs, the address¬ 
sequencing 29540 chip is designed to handle all of them. It provides 
output flags when a calculation is complete. 
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3. Complete. A typical signal-processing system provides separate, parallel paths for complex data. But in the 29500 setup, address 
pipelining handles both data and coefficient addressing operations for fast Fourier and other common transforms. 


in-frequency or decimation-in-time sequences. 

The 16-bit output port of the address sequencer is 
controlled by the counter and transform-length-input 
instructions. Any transform from 2 to 65,536 points long 
can be selected. The higher-order bits not required for 
the specified transforms (a 1,024-point transform only 
requires 10-bit addresses) can be preloaded through a 
bidirectional address port to access the next data block. 

Easy address pipelining 

Because the primary objective of this architecture is to 
operate on array- or signal-processor systems in a highly 
parallel manner, addresses must also be pipelined. As a 
result, each address must be tracked, which requires a 
pipeline register—such as the 29520 or 29521. These are 
byte-slice pipelining registers configurable as a dual 
two-level or a single four-level pipeline. In both devices, 
the single four-level configuration operates as a push- 
only stack. The selection of register is determined by the 
designer’s choice of system timing and data movement. 

The architecture of a typical 29500 signal-processing 


system (Fig. 3) can employ separate parallel data paths 
for complex data. Three possible address-generator 
blocks are shown, and together they represent a general- 
purpose processor. Address sequences for other than 
FFTs might be configured from programmable read-only 
memory or 2901-based designs. Address pipelining is 
shown for both data and coefficient addresses. 

In this design, either bipolar or MOS static random- 
access memories store data temporarily, and high-speed 
bipolar PROMs and rams or MOS ROMs are used for 
coefficient look-up tables. The local-control store may be 
either a PROM or a writable control-store ram and can 
be controlled by a 2910 program sequencer. 

A common benchmark for signal processing is the 
execution speed of an FFT. The 29500 processor, operat¬ 
ing at a 10-megahertz clock rate, can perform the trans¬ 
form in 400 nanoseconds. This speed allows a 1,024- 
point complex radix-2 butterfly to be completed in 2.0 
milliseconds. Compared with the best throughput avail¬ 
able in current bit-slice CPU architectures, this figure is 
more than a twentyfold improvement. □ 


Reprinted from ELECTRONICS, July 28. 1982, copyright 1982 by McGraw-Hill. Inc., with all rights reserved. 
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Am29501 

Multi~Port Pipelined Processor (Byte-Slice''") 
Advanced Bipolar VLSI 
ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 

• Expandable Byte-Slice™ Register-ALU 

• Eight instruction ALU 


Four arithmetic operations 
~ Four logic operations 

- Force/Inhibit carry modes _ 

- Flexible expansion - has carry and P/G 

• Ten internal data paths 

- Highly parallel architectures 

- Multiple simultaneous data manipulations 

• Pipelining register file has six 8-bit registers 

- Multilevel pipelining 

- Multiple register-to-register moves 

• Completely microprogrammable 

- No instruction encoding 

- All operation combinations available 

• Three I/O ports for maximum system 
interconnect flexibility 

• 64-pin DIP 

• Single 5V supply with TTL I/O 

• IMOX™ process with internal ECL 


GENERAL DESCRIPTION 


The Am29501 Is an expandable Byte-Slice™ register-ALU 
designed to bring maximum speed to array processor and 
digital signal processor systems. It provides a flexible pro¬ 
cessor building block for implementing highly pipelined, 
highly parallel architectures where speed is achieved by a 
combination of optimized Integrated circuit technology 
(IMOX™ process and Internal ECL circuitry) and customized 
system architecture. I/O port flexibility and multiple concur¬ 
rent data moves make it possible to construct processors 
capable of very high throughput. Parallel processors are 
especially efficient for array/vector operations or signal pro¬ 
cessing algorithms requiring complex number arithmetic 
(e.g. FFT, convolution, correlation, etc.). 


The Am2950Ts Pipeline Register File provides data storage 
and pipelining flexibility. Any combination of register instruc¬ 
tions, ALU instructions, and I/O Instructions can be micro¬ 
programmed to occur in the same cycle. This allows overlap 
of external multiplication, ALU operations, and memory I/O. 

Three I/O ports support a wide variety of parallel, pipelined 
architectures by providing separate I/O ports for the 
multiplier and the memory data bus. Either of two bidirec¬ 
tional I/O ports, DIO and MIO, can interface to the data bus 
or multiplier Y-input port and a separate Ml port connects to 
the multiplier output port. 


RELATED PRODUCTS 
Part No. Description 


Am2902 Carry look-ahead generator 
Am29516/17 16 x 16 bit high speed multipliers 

Am25S558 8 x 8 bit multiplier 


SIMPLIFIED BLOCK DIAGRAM 


rrt. 


















Am29501 


DETAILED Am29501 BLOCK DIAGRAM 


/ DATA \ 
ViNPUT/OUTPUT/ 



INPUT/OUTPirr 


MPL-028 


PIN DESCRIPTIONS 


C|N Carry-in input to the internal 8-bit ALU. 

CouT Carry-out output from the internal 8-bit ALU. 

CP Clock input for the internal pipeline register file. 

Data selected by I 7 - he meeting the setup and 
hold time requirements of the respective register 
is clocked into the register on the clock LOW- 
to-HIGH transition. 


DIOo-DlOy 

G,P 


I0--I28 


MI 0 -MI 7 

MIO0-MIO7 


Bidirectional data I/O port, (see Note) 

The carry generate and propagate outputs of 
the internal ALU. These signals are used with 
the Am2902A for carry-lookahead. 

Instruction inputs designed to be driven under 
microprogram control. All instruction inputs 
control multiplexers, or drivers or the ALU 
directly. There is no instruction encoding. 
See Control Input Function Tables for operating 
modes. 

Data Input port. 

(Multiplier Input - see Note) 

Bidirectional data I/O port. 

(Multiplier I/O - see Note) 


OVR Overflow. This pin is logically the Exclusive-OR 

of the carry-in and carry-out of the MSB of the 
ALU. At the most significant end of the word, this 
pin indicates that the result of an arithmetic two’s 
complement operation has overflowed into the 
sign-bit. 

SEouT The most significant bit of the S-operand. This is 

used in multiple precision arithmetic opera¬ 
tions for sign extension of two’s complement 
numbers. 

SE|n a single bit input which generates an 8-bit sign 

extension R-operand for multiple precision 
two’s complement arithmetic operations. 

ZERO This is an open collector output which goes 

HIGH if the data on the ALU outputs are 
all LOW. 


Note: This is a general purpose data port. The names are derived from 
the typical usage in a typical Am29500 system but are not 
restricted to this interconnection scheme. 
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Am29501 

ELECTRICAL CHARACTERISTICS 

The following conditions apply unless otherwise specified; 

COM! TA=0to+70°C Vcc=5.0V±5% (MIN = 4.75V MAX = 5.25V) 

MIL Tc=-55to+125°C Vcc=5.0V±10% (MIN = 4.50V MAX = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note i) 


Am29501 


Min 


Typ 

(Note 2 ) Max Units 


Vqh 


Output HIGH Voltage 


Vcc = min 

V|N = V|H orViL 


I loH= -2.6mA (COM!) 


2.4 


Volts 


VoL 


Output LOW Voltage 


Vcc = min 

V|N = ViHOrViL 


COM’L 


MIL 


Iql = 24mA DIO, MIO 


Iql = SiTnA Others 
I loL= 16mA DIO, MIO 


0.5 


Volts 






Iql = Others 


0-5 


V|H 

Input HIGH Level 

Guaranteed input logical HIGH voltage for all inputs 

m nV) 

1^ 

Volts 

VlL 

Input LOW Level 

Guaranteed input logical LOW voltaaaiiai: all ii^ls 



1 0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc=MIN,I,n 





-1.5 

Volts 

'IL 

Input LOW Current 

Vcc = MA)^ 






-0.4 

mA 

l|H 

Input HIGH Current 

|\A= MAX.l 

IS 

mm 

11 ^ 



20 

(jlA 

»l 

Input HIGi|Ciil^M 






0.1 

mA 






Vo = 0.5V 



-55 


Iqzl 1 





Vo = 2.4V 

1 


100 

•sc 

^^^ut Shr^pircuit Current 

Vcc = max 

_ 


-30 


-100 

mA 




COM’L and MIL 

Ta = 25°C 


300 






COM’L Only 

TA=0to+70°C 



400 


Icc 

Power Supply Current 

Vcc = max 

Ta = +70°C 



375 

mA 




MIL Only 

Tc= -55to+125°C 








Tc= +125°C 






Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65to+150°C 

Temperature under Bias - Jq 

-55to+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5to+7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5V to +Vcc max 

DC Input Voltage 

-0.5to+5.5V 

DC Output Current, into Outputs 

30mA 

DC Input Current 

-30 to + 5.0mA 
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Am29501 

SWITCHING CHARACTERISTICS AT ROOM TEMPERATURE 

Typical Setup/Hold Times and Propagation Delays 
Vcc = 5.0V, Ta =+25X, Cl = 50pF 


To Output 

Setup, tg/Hold, tH 

From Input 

Register 

Input 

Reg via 
ALU 

CLK 



DIO 



MIO 



Ml 



C|N 



SE,n 



l2-3(DIO) 



l4-6(MIO) 



I7-18(REG) 



1,9.22 (ALU OP) 



123-28 (ALU SEL) 




Propagation Delay Times, tpp 


MIO 

Port 

MIO via 
ALU 

DIO 

Port 

Gout 

P 

G 

Z 

Overflow 

SEouT 

17 

27 

17 

23 

23 

23 

27 

34 

18 

12 












22 

22 

22 

25 

22 

17 


24 


22 

22 

22 

25 

22 

17 


16 


10 



17 

13 



23 


19 

19 

16 

22 

' 

19 




14 

1 






15 













_i 





25 



19 

19 

19 

22 . 




31 


20 

20 

20 


14 


Minimum Setup/Hold Times and Maximum Propag 
Vcc = 5.0V, Ta = +25X, Cl = 5^pF 


To Output Setup, ts/Hold, tn 


« 


y Times, tpg 


From Input ^ 


CLK 

DIO 

Mio 

Ml 

C|N _ 

sein __ 

" 12-3 (DIO) 

l4-6(MIO) ^ 

l7-18(REG) 

h9.22(ALUOP) 
I 23-28 (ALU SEL) 


Register Reg via MIO MIO via 
Input ALU Port 



Am29501 Three-State Timing 


Parameters 

Description 

ti -I 

Iq DIO 0.7 

^LZ 

h mioo-7 

t. 

Iq DlOo-y 

^HZ 

l-j MIOo-7 

t-.. 

Iq DIO 0.7 

^ZL 

h MIO 0.7 

t-,1 1 

Iq -> DIO 0.7 

^ZH 

ll MIOo-4 


Typ 

Max 

COM’L Max 

MIL Max 

Vcc = 5V 

Ta = 25°C 

Vcc = 5V 

Ta = 25°C 

Vcc = 5V ±5% 

TA = 0to-70“C 

Vcc = 5V ±10% 

Ta = “55to-125‘’C 


















Test 

Conditions 


Cl= 5P 
Rl = 6670 


Cl=60P 
Rl = 6670 
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Am29501 

SWITCHING CHARACTERISTICS, COMMERCIAL 


Minimum Setup/Hold Times and Maximum Propagation Delays 
Vcc = 5V ±5%, Ta = 0 to +70“C, Cl = 50pF 



Setup, ts/Hold, tn 

Propagation Delay Times, tpo 


From Input 

Register 

Input 

Reg via 
ALU 

MIO 

Port 

MIO via 
ALU 

DIO 

Port 

CoUT 

P 

G 

Z 

Overflow 

(/> 

m 

o 

c 

H 

Units 

CLK 



23 

35 

24 

31 

■ 

31 

31 

39 

34 

26 

ns 


10/5 


17 









ns 


10/5 







29 


29 

24 

ns 


10/5 

20/0 


32 

■■ 

30 

29 

29 

34 

29 

24 

ns 

C|N 


10/5 


25 

■■ 

15 



26 

19 


ns 

SE|m 


20/0 


29 


27 




HEBI 


ns 

l2-3(DIO) 





21 







ns 

l4-6(MIO) 



22 









ns 

I7-18(REG) 

10/5 











ns 

h9.22(ALUOP) 


20/0 

32 



27 

27 

27 

32 

in ^ 


ns 

123-28 (ALU SEL) 


20/0 




29 

29 

29 

Li 


Ik. 


ns 


Am29501 

SWITCHING CHARACTERISTICS, MILITARY 


Minimum Setup/Hold Times and Maximi^^ro^^tid 
Vcc = 5V ±10%, Tc = -55 to +125“C. Ct = 50pF 


To Output 

Setup, ts/Hold, tH 

.A 




|gon Delay Times, tpo 


From Input 

Register 

Input 

Reg via 
ALU 

IQ 3 

nil 



%[}T 

P 

G 

z 

Overflow 

SEouT 

Units 

CLK 





m 

g 


■ 

m 



ns 

DIO 







B 

bb 



ns 

MIO 

---- 


wm 

lllllllll^ 

bh 

I^B 


BB 

bI^B 


ns 

Ml 






■■I 

bb 

bb 

^B 



ns 

C|N 


L 










ns 

SE|n 


jfllllll 


mi 



■ 

BB 

Bl 



ns 

12-3(010) 





hh 

■1 

■ 





ns 

l4-6(MIO) 





bh 







ns 

l7-18(REG) 





■■ 


BB 





ns 

h9.22(ALU OP) 





■1 

mil 






ns 

123-28 (ALU SEL) 





m 


mB 

Bb 

■B 

bbb 

bb 



L 


Note: Please refer to Guidelines for Testing Am2900 Family Devices in section 13 of this data book. 


Am29501 Minimum Clock Pulse Widths 







COM’L 

MIL 


Parameter 

Description 


Vcc = 5V 

Ta = 25°C 

Vcc = 5V ±5% 

TA = 0to-70‘’C 

Vcc = 5V ±10% 

Ta = ~55to-125°C 

Units 

tpw 

Clock Pulse Width 

High 




ns 

Low 




ns 


7-11 










Am29501 


CONTROL INPUT FUNCTION TABLES 


1 

. Data I/O Port (DIO) Output Select 

h 

*2 

‘o 

Source 

L 

L 

L 

A 2 

L 

H 

L 

A3, 

H 

L 

L 

02 

H 

H 

L 

63 

X 

X 

H 

Output Disabled 


5. 

Register A 3 Data Source Select 

h 2 

hi 

Source 

L 

L 

MSP (Ml) 

L 

H 

ALU 

H 

L 

A 2 

H 

H 

A 3 (Hold) 


2. Multiplier I/O Port (MiO) Output Select 

>6 

•5 

I4 

I1 

r 

Source 

L 

L 

L 

L 

Ai 

L 

L 

H 

L 

A 2 

L 

H 

L 

L 

A3 

L 

H 

H 

L 

Bi 

H 

L 

L 

L 

02 

H 

L 

H 

L 

B3 

H 

,H 

L 

L 

ALU 

H 

H 

H 

L 

Dl 

X 

X 

X 

H 

Output Disabled 


6 . Register B-| Data Source Select 

h4 

h3 

Source 

L 

L 

MSP (Ml) 

L 

H 

Dl (DIO) 

H 

L 

A 3 

H 

H 

0^ (Hold) 


7. 

Register 62 Data Source Select 

he 

he 

Source 

L 

L 

LSP(MIO) 

L 

H 

ALU 

H 

L 

Bi 

H 

H 

02 (Hold) 


3. 

Register Ai Data Source Select 

•b 

«7 

Source 

L 

L 

MSP (Ml) 

L 

H 

Dl (DIO) 

H 

L 

B3 

H 

H 

Ai (Hold) 


8 . 

Register B 3 Data Source Select 

he 

h7 

Source 

L 

L 

MSP (Ml) 

L 

H 

ALU 

H 

L 

B 2 

H 

H 

03 (Hold) 


4. 

Register A 2 Data Source Select 

ho 

•9 

Source 

L 

L 

LSP (MIO) 

L 

H 

ALU 

H 

L 

Ai 

H 

H 

A 2 (Hold) 


'-12 




Am29501 


CONTROL INPUT FUNCTION TABLES (Cont.) 


9. ALU Operating Instructions 

•22 

•21 

>20 

•19 

OP 

CouT 

P 

G 


L 

L 

' 


R 4- S + C|js| 




Normal Operating Mode 

L 

H 

H 

L 

L 

L 

R - S - C|N 

R 4- C|N 

Carry 

P 

G 

Usually Carry Used for 16-Bit Expansion 
and P/G Used with a Am2902A 

H 

H 



— R + S — C|N 




Carry-Lookahead for Larger Expansion 

L 

L 



R 4- S 4- C|N 




Inhibit Carry Mode 

L 

H 

L 

H 

R — S — C|f\^ 

L 

H 

H 


H 

L 



R 4- C|N 




H 

H 



— R 4- S — 





L 

L 



R 4- S 4- C|N 




Force Carry Mode 

L 

H 

H 

L 

R - S - C|N 

H 

P 

L 


H 

L 


R + CiN 




H 

H 



— R 4- S — C|N 





L 

' L 



RXORS 




Logic Operations 

•L 

■ H J 

H 


RANDS 

(L)* 

(H)* 



H 

L 

H 

R 

(H)* 


H 

JU 



RORS 






'CouT. P aid G are not applicable to logic operation, Am29501 functions as shown. 


10. ALU R Operand Selection 


KM 

>23 

Source 

L 

L 

L 

Ai 

L 

L 

H 

A 2 

L 

H 

L 

A 3 

L 

H 

H 

Bi 

H 

L 

L 

B 2 

H 

L 


B 3 

H 

H 

L 

Sign Extend Input 

Bussed to All Bits 

H 

H 

H 

Arithmetic Zero 
(All Inputs LOW) 


11. ALU S Operand Selection | 

>28 

•27 

•26 

Source 

L 

L 

L 

Ai 

L 

L 

H 

A2 

L 

H 

L 

A3 

L 

H 

H 

Bi 

H 

L 

L 

B 2 

H 

L 

H 

B3 

H 

H 

L 

MSP (Ml) 

H 

H 

H 

LSP(MIO) 

















Am29501 
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CHIP TOPOGRAPHY 
Am29501 


l28 64 
<27 63 
>26 62 
'25 61 
I 24 60 
■23 69 
SE,n 58 

'22 67 

I 21 56 
I 20 55 
1,9 54 
G 53 
P 52 
CquT 61 
C|N 50 

VcC 49 

CLOCK 48 
OVERFLOW 47 
ZERO 46 
SEout 45 

1,8 44 
1,7 43 


I 16 42 
‘15 41 
>14 40 
>13 39 



2 Ml, 

3 MI 2 

4 MI 3 

5 MI 4 

6 MI 5 

7 Mlg 

8 MI 7 

9 DIOq 

10 MIOq 

11 DIO, 

12 MIO, 

13 DIO 2 

14 Mi02 

15 DIO 3 

16 GND 

17 MIO 3 

18 DIO 4 

19 MIO 4 

20 DIO 5 

21 MIO 5 

22 DlOe 

23 MIOq 

24 DIO 7 

25 MIO 7 


26 Iq 

27 I, 

28 >2 
29 I 3 


1,2 38 
I,, 37 
1,0 36 
Ig 35 


30 I 4 

31 I 5 

32 Ig 

33 I 7 


M PL-075 


ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 


Am29501 

Order Number 

Package Type 

(Note 1) 

Operating Range 

(Note 2) 

Screening Level 

(Note 3) 

AM29501DC 

D-64- 

C 

C-1 

AM29501DCB 

D-64- 

C 

B-2 (Note 4) 

AM29501DM 

D-64- 

M 

C-3 

AM29501DMB 

D-64- 

M 

B-3 

AM29501LC 

D-68- 

C 

C-1 

AM29501LM 

D-68- 

M 

C-3 

AM29501LMB 

D-68- 

M 

B-3 


Notes: 1. D = Hermetic DIP, L = Chip-Pak. Number following letter is number of leads. 

2. C = 0 to +70°C, Vcc = 4.75 to 5.25V, M = -55 to +125°C, Vcc = 4.50 to 5.50V. 

3. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to 
MIL-STD-883, Class B. 

4. 160 hour burn-in. 
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Am29510 

16x16 Multiply Accumulator 


DISTINCTIVE CHARACTERISTICS 

• High speed 16 x 16-bit multiplication and product 
accumulation 

• Performs subtraction and double precision addition 
and multiplication 

• Uses two’s complement or unsigned inputs 

• Round control 

• 35-bit product accumulation result 
- 32-bit multiply 


FUNCTIONAL DESCRIPTION 

The Am29510 is a high-speed 16 x 16-bit multiplier/ 
accumulator (MAC). It comprises a 16-bit parallel multiplier 
followed by a 35-bit accumulator. Two 16-bit input registers 
are provided for the X and Y operands. A third register is 
used to store two control bits, TC and RND. TC specifies 
that the input are two’s complement signed numbers (High) 
or unsigned numbers (Low). The RND control, when high, 
causes a bit to be added to the multiplier product with the 
weight of P 15 . This causes the most significant 16 bits of 
product to be rounded to the value nearest to the full 32-bit 
product. Using the RND control once during an accumula¬ 
tion causes the most significant 19 bits of the accumulator 
to be rounded to the value nearest the full 35-bit accumula¬ 
tion. The TC/RND register is clocked whenever the X or Y 
input registers are clocked. The X, Y, TC/RND, and ac¬ 
cumulator registers are all positive edge triggered. 

The 32-bit multiplier output is zero-filled or sign-extended 
as appropriate to provide a 35-blt input to the accumulator. 


- 3-bit extended product 

• Output register preload 

• Three-state output control 

• IMOX^“ processing 

- ECL internal circuitry for speed 

- TTLI/0 

• Single 5V power 


The accumulator has four functions; the product may be 
loaded into the accumulator, the product may be added into 
the accumulator value, the previous accumulator value may 
be subtracted from the product and the result stored in the 
accumulator or the accumulator may be preloaded from an 
extended source. The operation of the accumulator is con¬ 
trolled by the signals ACC, SUB, and PREL. For output and 
preloading purposes the accumulator is considered in three 
sections; least significant product (LSP, Pq- P 15 ) controlled 
by OEx- When PREL is low these controls are active low 
enables for the three-state output buffers. When PREL Is 
high the output buffers automatically become high im¬ 
pedance, and the controls operate as active low load ena¬ 
bles to the three sections of the accumulator to permit 
loading of data applied to the bidirectional P port. The 
P port has 35 bits, the least significant 16 of which share 
pins with the Y input. 


BLOCK DIAGRAM 


X TC RND Y 



P 


P 


ABL-001 




IMOX is a trademark of Advanced Micro Devices, Inc. 
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Am29510 

ELECTRICAL CHARACTERISTiCS 

The following conditions apply unless otherwise specified: 

COM’L TA=0to+70'’C Vcc = 5.0V ±5% (MIN = 4.75V MAX = 5.25V) 

MIL Tc = “55 to +125‘’C Vcc = 5.0V ±10% (MlfSI = 4.50V MAX = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1 ) 


Vqh 

. 

Output HIGH Voltage 

Vcc = MIN, 

V|N = V|HorV|L 

V,l=.8V 

V|H = 2.0V 

Iqh = -0.4mA 

2.4 

2.7 


Volts 

VoL 

Output LOW Voltage 

Vcc = min, 

V|N = V|H or ViL 

V,l=.8V 

V|H = 2.0V 

Iql = 4.0mA 


.3 

.5 

Volts 

V,H 

Input HIGH Level 

Guaranteed input logical HIGH voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



.8 

Volts 

COM’L 



.8 

Vi 

Input Clamp Voltage 

Vcc ~ MIN, l||s| = 18mA 



-1.5 

Volts 

i|L 

Input LOW Current 

Vcc = max, V,n = 0.4V 



-0.4 

mA 

llH 

Input HIGH Current 

Vcc = max, V|n = 2.4V 



75 

/.A 

1| 

Input HIGH Current 

Vcc = MAX, ViN - 5.5V 



1 

mA 

Iqzh 

Off State (High Impedance) 
Output Current 

Vcc = max 

Product 

Vq = 2.4V 



25 

/xA 

bZL 

Vo = 0.4V 



-25 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

Y 

> 

o 

II 

-3. 


-85 

mA 

Product 

> 

o 

II 

-3 


-85 

be 

Power Supply Current 

Vcc = max 

COM’L and MIL 

Ta = 25°C 




mA 

COM’L Only 

Ta= 0to+70°C 




Ta= +70°C 




MIL Only 

Tc= -55to+125°C 



— 

Tc= +125X 





Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


Typ 

Min (Note 2) Max Units 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65to+150°C 

Temperature under Bias - Tq 

-55 to+125‘’C 

Supply Voltage to Ground Potential Continuous 

-0.5to+7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5V to +Voc max 

DC Input Voltage 

-0.5to+5.5V 

DC Output Current, into Outputs 

30mA 

DC Input Current 

-30 to + 5.0mA 



RELATED PRODUCTS 
Part No. Description 


Page 


Am29526/527 High speed Sine function 
generator 

Am29528/529 High speed Cosine.function 
generator 


ORDERING INFORMATION 

Order the part number according to the table below to obtain the 
desired package, temperature range, and screening level. 

Package Operating Screening 
Order Type Range Level 

Number (Notel) (Note 2) (Note 3) 


AM29510DC 

D-64 

C 

C-1 

AM29510DC-B 

D-64 

C 

B-1 

AM29510DM 

D-64 

M 

C-3 

AM29510DM-B 

D-64 

M 

B-3 


Notes: 1. D = Hermetic DIP. 

2. C = 0 to +70°C, Vcc = 5V ±5%, M = -55 to + 125°C, 
Vcc=5V±10%. 

3. Levels C-1 and C-3 conform to MIL-STD-883, Class C. 
Levels B-1 and B-3 conform to MIL-STD-883, Class B. 
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Am29510 

SWITCHING CHARACTERISTICS OVER OPERATING RANGE* 



COM’L 

MIL 

Test 

Units Conditions 

Parameters Description 

Ta = 25“C 
Vcc = 5.0V 

Ta = 0 to 4-70*0 
Vcc = 5 V ±5% 

Tc = -55to-Pl25*C 
Vcc = 5V ±10% 

Typ 

Min 

Max 

Min 

Max 

fMA 

Multiply Accumulate Time 






ns 


fs 

Xi,Yi,RND, TC.ACC, SUB 

Setup Time 






ns 

tH 

Xj, Yj, RND, TC, ACC, SUB 

Hold Time 






ns 

ts 

PREI Setup Time 






ns 

tH 

PREI Hold Time 






ns 

tpWH 

Clock Pulse Width High 






ns 

tpWL 

Clock Pulse Width Low 






ns 

tPDP 

Output Clock to P 






ns 

tpDY 

Output Clock to Y 






ns 

tpHZ 

OEx, OEm to 

P Disable Time 

High to Z 






ns 

tpLZ 

Low to Z 






ns 

tpZH 

OEx, OEm to 

P Disable Time 

Z to High 






ns 

tpZL 

Z to Low 






ns 

tpHZ 

OELtoY Disable Time 

High to Z 






ns 

tpLZ 

Low to Z 






ns 

tpZH 

OELtoY Disable Time 

Z to High 






ns 

tpZL 

Z to Low 






ns 


DEFINITION OF FUNCTIONAL TERMS 

RND Round 

Adds a bit with a weight of P 15 to the multiplier 
product (High) the RND control is loaded on the 
rising edge of CLKx or CLKy. 

TC Two’s Complement 

The X and Y data inputs are defined as two’s 
complement signed data (High) or unsigned 
data (Low). The TC control is loaded on the 
rising edge of CLKx or CLKy. 


PREL (Preload) 

Data is preloaded i nto the sp^ific output 
register when OEx, OEy and OEl are high 
(High). (See Preload Truth Table.) The con¬ 
tents of the register will be loaded on the rising 
edge of CLKp. 

OEx TSX* 

Three-state control for the XTP port. Enabled 
(Low), disabled (High). 

OEm tsm* 

Three-State control for the MSP port. Enabled 
(Low), disabled (High). 

OEl tsl* 

Three-State control for the LSP port. Enabled 
(Low), disabled (High). 


CLKx, CLKy Loads X and Y data respectively and TC, RND 
ACC and SUB on the rising edge. 


CLKp Load data into XTP, MSP and LSP after ACC, 

SUB, PASS and for preload on rising edge. 


Xq-Xis Multiplier Data Input 

Data I loaded in X-register on the rising edge 

of CLKx. 

Y 0 -Y 15 , Bidirectional Port 

Po“Pi 5 Multiplier data input or Least Significant Pro¬ 

duct (LSP) output (OEl = Low) or LSP Regis¬ 
ter Preload Input (PREI = High, and OEl = 
High). 

P15-P31 Bidirectional Port 

Product output for the Most Significant Product 
(MSP) and input to preload MSP register. 

P32-P34 Bidirectional Port 

Product output for Extended Product (XTP) and 
input to preload XTP register. 

ACC Accumulate 

Controls the addition of a multiply product to the 
contents of the XTP, MSP and LSP registers 
(High), or performs a multiply only (Low). 

SUB Subtraction 

Controls the subtraction of the XTP, MSP and 
LSP registers from the multiply product (High 
and ACC = High). Both the ACC and SUB 
controls are loaded on the rising edge of CLKx 
or CLKy. 


*TRW TDC1010J pin description. 


7-19 





Am29510 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 



MPL-015 


TEST WAVEFORMS 


Test 

Vx 

Output Waveform - Measurement Level 

All tppS 

Vcc 

Vo„ -^ ..... 

1-5V 

VoL ———/^ --— 

^PHZ 

o.ov 

...- o.ov 

tpLZ 

2.6V 

0.5V / 

VoL - —— I-' 

tpZH 

O.OV 

7-—— VOH 

tpZL 

2.6V 

2.6V V 

>-VoL 


MPL-016 


TEST LOADS FOR DELAY MEASUREMENTS 
Normal Load Three-State Delay Load 

Vx 



SET-UP AND HOLD TIME 


PULSE WIDTH 


DATA 

INPUT 


TIMING 
INPUT ■ 




M 

r 

mm. 

1 

m 

t 


k-ts 


1—^ 


i 


- 1.5V 

- OV 



Notes: 1. Diagram shown for HIGH data only. Output transition may 
be opposite sense. 

2. Cross hatched area is don’t care condition. 


MPL-013 


MPL-014 
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Am29510 
INPUT FORMATS 


Fractional Two’s Complement Input 

xiN_:_ ____ !!n 


QT 

14 

13 

12 

11 

10 

9 

, - 8 

7 

6 

5 

4 

3 

2.1 0 1 1 IS 14 13 

12 

11 

10 

9 

8 7 

6 

5 

4 

3 

2 1 0 j 

Sgn 

(-20) 

2-1 

2-2 

2-3 

2-4 

2-5 

2-5 

2-7 

2-8 

2-9 

2-10 

2-11 

2-12 

2-13 2-1^ 2-'S Sgn 2-' 2-* 

(-20) 

2-3 

2-4 

2-5 

2-6 

2-7 2-8 

2-9 

2-10 

2-11 

2-12 

2-13 2-1® 2-15 








X|N 




Integer Two’s Complement Input 




Yin 






QT 

14 

13 

12 

11 

10 

9 

8 7 

6 

5 

4 

3 

2 1 0 1 j 15 14 13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 1 0 1 

Sgn 

(-215) 

2-14 

2-13 

2-12 

2-11 

2-10 

2-9 

2-8 

2-7 

2-6 

2-5 

2-4 

2-® 

2-2 2-' 2-0 Sgn 2-»® 2-'3 

(-215) 

2-12 

2-11 

2-10 

2-9 

2-6 

2-7 

2-6 

2-5 

2-4 

2-3 

2-2 2-1 2-0 








X|N 





Unsigned Fractional Input 





Yin 






QT 

14 

13 

12 

11 

10 

9 

8 7 

6 

5 

4 

3 

2 1 0 1 i 15 14 13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 1 0 1 

2-1 

2-2 

2-3 

2-4 

2-5 

2-6 

2-7 

2-8 2-9 

2~io 

2-11 

2-12 

2-13 

2-14 2-15 2-16 2-1 2-* 2-3 

2r4 

2-5 

2-6 

2-7 

2-8 2-9 

2-10 

2-11 

2-12 

2-13 

2-14 2-15 2-16 








X|N 





Unsigned integer Input 





Yin 






IjE 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 1 0 1 1 15 14 13 

12 

11 

10 

9 

8 7 

6 

5 

4 

3 

2 1 0 j 
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Am29510 

OUTPUT FORMATS 

Two’s Complement Fractional Output 

_MSP_ _l£P_ 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 | | 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 | 
21 20 2-1 2-2 2-3 2 -< 2 -® 2-8 2-2 2 -* 2 “* 2 -'® 2-'l 2 - 1 * 2 - 1 ® 2 t *^ 2 - 1 ® 2 -’* 2-12 2 -'® 2 - 1 * 2 -*® 2 '*' 2 -** 2 -*® 2 '*< 2 “** 2 -** 2-*2 2-28 2 “** 2 '®® 


Two’S Complement Integer Output 

_ MSP _I_ ___15P_ 

I 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 | |l5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o | 

231 2 ®® 2*9 2*8 2*2 2*8 2*5 2 *^ 2 *® 2 ** 2*1 2 *® 21 ® 218 2*2 218 21 ® 2 ’^ 21 ® 2 '* 21 ' 21 ® 2 ® 2 ® £2 2 ® *5 2 « 2 ® 2 * 2 ' 2 ® 


Unsigned Fractional Output 

_^_MSP___ _LSP__ 

I 31 30 29 28 27 2g 25 24 23 22 21 20 19 18 17 16 | | IS 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 | 

2-4 2-S 2-6 2-2 2-8 2 “® 2 -’® 2 - 1 ' *-’* 2 -'® 2 -'^ 2-'5 2 -'« 2-’2 2 -'®' 2 -'® 2 '*® 2 "*' 2 -** 2 -*® 2 -** 2-*5 2 -*® 2-*2 2 '** 2 "*» 2 -®® 2 '®' 2 -** 2 -®® 2 -®® 2 "®* 


Unsigned integer Output 

XTP _ MSP _^^_l£P_ 

I 34 33 32~1 fsi 30 29 28 27 26 25 24 23 22 21 20 19 18 17 Ig"] fls 14 13 12 11 10 9 8 7 6~ 5 4 2 1 ^ 

2 ®< 2 ®® 2 ®* 2 ®' 2 ®® 2 *» 2*8 2*7 2 *« 2*5 2*4 2 *® 2 ** 2 *' 2 *® 2 '* 2 '® 2'7 2 '® 2’5 2'4 2 '® 2 ’* 2 " 2 '® 2 ® 2 ® 2 ^ . 2 ® 2 ® 2 ® 2 ® 2 * gl 2 ® 


ABL-004 


XTP 


I 34 33 sT] 

-2* 2® 2* 


XTP 


I 34 33 32 I 

Sgn 2®® 2®* 

(-2®^) 


XTP 

I 34 33 ^ 


7-22 





Am29510 


PRELOAD FUNCTION 


Output Register 


PREI 

OEx 

OEm 

OEl 

XTP 

MSP 

LSP 

0 

0 

0 

0 

Q 



0 

0 

0 

1 

Q 



0 

0 

1 

0 

Q 



0 

0 

1 

1 

Q 



0 

1 

0 

0 

z 

Q 

Q 

0 

1 

0 

1 

z 

Q 

Z 

0 

1 

1 

0 

z 


Q 

0 

1 

1 

1 

z 



1 

0 

0 

0 

z 



1 

0 

0 

1 

z 



1 

0 

1 

0 

z 

PL 

Z 

1 

0 

1 

1 

z 

PL 

PL 

1 

1 

0 

0 

PL 

Z 

Z 

1 

1 

0 

1 

PL 

Z 

PL 

1 

1 

1 

0 

PL 



1 

1 

1 

1 

. 




Z = output buffers at High impedance (disabled). 


Q = output buffers at Low impedance. Contents of output register available 
through output ports. 

PL = output disabled. Preload data supplied to the output pins will be loaded into the 
output register at the rising edge of CLKp. 


CHIP TOPOGRAPHY 
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Am29510 


CONNECTION DIAGRAMS 
Top Views 

Dual In-Line 


Xe 

X 5 

X 4 

X 3 

X 2 

Xi 

Xo 

Y 0 .P 0 

Y 1 .P 1 

Y 2 .P 2 

Y 3 .P 3 

Y 4 .P 4 

Y 5 .P 5 

Ye-Pe 

Y 7 .P 7 

GNO 

Ya-Pe 

Y 9 , Pg 
Y 10 - P 1 O 
Yl1,Pl1 

Y 12 .P 12 

Y13.P13 

Y 14 .P 14 

Y15.P15 

P 16 

P17 

P 18 

Pl9 

P 20 

P 2 I 

P 22 

P 23 


c 

1 • 


64 

□ X 7 

c 

2 


63 

3 Xg 

c 

3 


62 

3 Xg 

c 

4 


61 

3 x^o 

c 

5 


60 

3 X„ 

c 

6 


59 

3 Xi 2 

c 

7 


58 

3 Xi3 

c 

8 


57 

□ Xi4 

c 

9 


56 

3 X 15 

c 

10 


55 

3 Ml 

c 

11 


54 

3 RND 

c 

12 


53 

□ SUB 

c 

13 


52 

3 ACC 

c 

14 


51 

D CLKx 

c 

15 


50 

3 CLKy 

c 

16 


49 

3 Vcc 

c 

17 


48 

3 TC 

c 

18 


47 

3 OEx 

c 

19 


46 

3 PREL 

c 

20 


45 


c 

21 


44 

3 CLKp 

c 

22 


43 

3 P 34 

c 

23 


42 

3 P 33 

c 

24 


41 

3P32 

c 

25 


40 

3 P 31 

c 

26 


39 

3P30 

c 

27 


38 

3 P 29 

c 

28 


37 

3 P 28 

c 

29 


36 

3 P 27 

c 

30 


35 

3P26 

c 

31 


34 

3 P 25 

c 

32 


33 

3 P 24 


Note: Pin 1 is marked for orientation. 
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Am29516*Am29517 

Ann29516A*Am29517A 

16 X 16 -Bit Parallel Multipliers 


DISTINCTIVE CHARACTERISTICS 

• High speed 16x16 parallel multiplier 

• Two’s complement, unsigned or mixed operands 

• Full product multiplexed at output 

• Am29516 pin and functionally compatible with TRW 
MPY-16HJ 

• Am29517 optimized for microprogramming, single 
clock with register enables 

• Am29516Aand Am29517Aare % faster than the 
Am29516 and Am29517 respectively 

• The Am29516A and Am29517A meet or exceed all of the 
specifications for the Am29516 and Am29517 
respectively 

• IMOX™ oxide isolated process 

• ECL multiplier array provides 40ns typical multiply time 

• TTL I/O-single +5V supply 

• 64-pin package 


RELATED PRODUCTS 
Part No. Description 

Am29501 Multiport pipelined processor 

Am29526/27 Sine function generator 

Am29528/29 Cosine function generator 


FUNCTIONAL DESCRIPTION 

The Am29516/16A and Am29517/17A are high speed 
parallel 16 x 16-bit multipliers utilizing internal ECL logic to 
generate a 32-bit product. 17-bit input registers are pro¬ 
vided for the X and Y operands and their associated mode 
controls Xm and Ym- These mode controls are used 
to specify the operands as two’s complement or unsigned 
numbers. 

At the output of the multiplier array a format adjust control 
(FA) allows the user to select either a full 32-bit product 
or a left shifted 31 -bit product suitable for two’s complement 
only. 

Two 16-bit output registers are provided to hold the most 
and least significant halves of the product (MSP and LSP) 
as defined by FA. For asynchronous output these registers 
may be made transparent by taking the feed through control 
(FT) high. A round control (RND) allows the rounding of the 
MSP. This control is registered, and is entered whenever 
either input register is clocked. 

The two halves of the product may be routed to a 16-bit 
3-state output port (P) via a multiplexer. In addition the LSP 
is connected to the Y-input port through a separate 3-state 
buffer. 

In the Am29516/16A the X, Y, MSP and LSP registers have 
independent clocks (CL KX, CLKY , CLKM, CLKL). The out¬ 
put multiplexer control (MSPSEL) uses a pin which is a 
supply ground in the TRW MPY 16HJ. When this control is 
LOW the function is that of the MPY16HJ, thus allowing full 
compatibility. 

The Am29517/17A differs in that it has a single clock input 
(CLK) and three register enables (ENX, ENY, ENP) for the 
two input registers and the entire product. This facilitates 
the use of the part in microprogrammed systems. In both 
parts data is entered into the registers on the positive edge 
of the clock. 


Am29516/29516A LOGIC DIAGRAMS Am29517/29517A 



MPL-012 


IMOX is a trademark of Advanced Micro Devices. 
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Am29516/517 • Am29516A/517A 

Am29516/517 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM! Ta = Oto +70°C Vcc = 5.0V ±5% (MIN = 4.75V MAX = 5.25V) 

MIL Tc = -55 to +125°C Vcc = 5.0V ±10% (MIN = 4.50V MAX = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 


Typ 

Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units 


^OH 

Output HIGH Voltage 

Vcc = MIN 

V|N = V|H or V|L 

V|t = -SV 

V|H = 2.0V 

•oh = -0.4mA 

2.4 

2.7 


Volts 

' 

VqL 

Output LOW Voltage 

Vcc = min 

V|N = V|H or V|L 

V,L = .8V 

ViH = 2.0V 

Iql = 4.0mA 


.3 

.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

VlL 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



.8 

Volts 

COM’L 



.8 

V| 

Input Clamp Voltage 

Vcc = min, l|N= -18mA 



-1.5 

Volts 

liL 

Input LOW Current 

Vcc = max, Vim = o.4V 



-0.4 

mA 

'IH 

Input HIGH Current 

Vcc = max, V|n = 2.4V 



75 

fx/K 

1| 

Input HIGH Current 

Vcc = max, V|n = 5.5V 



1 

mA 

’OZH 

•ozl 

Off State (High Impedance) 
Output Current 

Vcc = max 

Product 

Vo = 2.4V 



25 

fxA 

Vo = 0.4V 



-25 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

Y 

> 

« 

-3 


-30 

mA 

Product 

> 

o 

!i 

-3 


-30 

be 

Power Supply Current 
(Note 4) 

Vcc = max 

COM’L and MIL 

Ta = 25°C 


600 

(Note 5) 

mA 

COM’L Only 

Ta = 0 to +70°G 



800 

Ta = +70^ 



750 

MIL Only 

Tc = -55 to +125°C 



900 

Tc = ±125°C 



800 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

Not m ore than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. OEP and OEL LOW with all product (MSP and LSP) bits LOW. 

5. Low power multiplier, Am29L516/L517 also available. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65to+150°C 

Temperature Under Bias - Tq 

-55to+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5 to +7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5V to +Vqc max 

DC Input Voltage 

-0.5 to +5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

~30mA to +5.0mA 
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Am29516/517 

SWITCHING CHARACTERISTICS 


OVER OPERATING RANGE 

Parameters Description 

29516/517 

29516/517 

29516-1/517-1 

29516A/517A 

Test 

Units Conditions 

Ta = 25X 
Vcc = 5.0V 

Ta = 0 to -t-70“C 
Vcc = 5V ±5% 
(Note 1) 

MIL 

Tc = -55 to +125°C 
Vcc = 5V ± 10% 

Ta = 0 to +70°C 
Vcc = 5V ±5% 

(Note 1) 

Typ 

Min 

Max 

Min 

Max 

Min 

Max 

^MUC 

Undocked Multiply Time 

50 


85 


95 



ns 

Load 1 

^MC 

Clocked Multiply Time 

40 


65 


75 



ns 

ts 

Xj, Yj, RND Setup Time 

10 

20 


25 




ns 

tH 

Xj, Yj, RND Hold Time 

0 

3 


3 




ns 

tpWH 

Clock Pulse Width High 

10 

15 


15 




ns 

tpWL 

Clock Pulse Width Low 

10 

20 


15 



h 

ns 

tpDSEL 

MSPSEL to Product Out 

20 


30 


35 



ns 

tpDP 

Output Clock to P 

20 


30 


35 



ns 

>• 

o 

a. 

Output Clock to Y 

20 


30 


35 



ns 

tpHZ 

OEP Disable Time 

High to Z 

12 


23 


28 



ns 

Load 2 

tpLZ 

Low to Z 

15 


23 


28 



ns 

tpZH 

OEP Enable Time 

Z to High 

25 


40 


45 



ns 

tpZL 

Z to Low 

25 


40 


45 



ns 

tpHZ 

OEL Disable Time 

High to Z 

12 


20 


22 



ns 

tpLZ 

Low to Z 

15 


23 


28 



ns 

tpZH 

OEL Enable Time 

Z to High 

25 


40 


45 



ns 

tpZL 

Z to Low 

25 


40 


45 



ns 


Clock Enable Setup Time 
(Am29517 0nly) 

5 

10 


15 




ns 

Load 1 

tH 

Clock Enable Hold Time 
(Am29517 0nly) 

0 

3 


3 




ns 

tHCL 

Clock Low Hold Time CLKXY 

Relative to CLKML 

(see Note 2) (Am29516 Only) 

0 

0 


0 




ns 


Notes: 1. Switching Characteristics are measured and guaranteed for as specified with 200 Lf/min flowing across the device. 

2. To ensure that the correct product is entered in the output registers, new data may not be entered into the input registers before the output 
registers have been clocked. 


DEFINITION OF TERMS 

RND 

Control for rounding the MSP. Adds a binary 

Xl5-Xo 

Multiplicand Data inputs. 


one to the most significant bit of the LSP for 
two’s complement and unsigned numbers. 

Yi5-Yo 

Multiplier Data inputs or least significant 


Rounding occurs before format adjust. (RND 


product (LSP) output. 


= High). 

P0-Pl5 

LSP product port when MSPSEL is (High). 

OEP (TRIM)* 

Three-state enable for product output port. 

Pl6~P31 

MSP product port when MSPSEL is (Low). 

Oi^(TRIL)* 

Three-state enable for routing LSP through Y 

Xm,Ym 

Mode control inputs for each data word; LOW 


input/output port. 

(TCX,TCY)* 

for unsigned data and HIGH for two’s com¬ 
plement data. 

Am29516 0NLY 


FA(RS)* 

Format adjust control selects either a full 32- 

CLKX 

Register Clock, Xi5-o> Xm. RND 


bit product (HIGH) or a left shifted 31-bit pro- 

CLKY 

Register Clock, Y 15 .- 0 , Ym, RND 


duct with the sign bit replicated in the LSP 

CLKM 

MSP Register Clock 


(LOW). This control is normally high, except 
for certain fractional two’s complement appli¬ 

CLKL 

LSP Register Clock 


cations. (See Multiplier output formats table). 

Am29517 0NLY 


FT 

Feedthrough control (HIGH) makes both MSP 

CLK 

Clock, All Registers 


and LSP registers transparent. 

ENX 

Register Enable, X^s-o, Xm, RND 

MSPSEL 

Selects either MSP (LOW) or LSP (HIGH) to 
be available at the product output port. 

ENY 

Register Enable, Yi 5 „o, Ym, RND 

*TRW MPY16HJ pin designation. 

ENP 

Register Enable MSP, LSP 
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SET-UP AND HOLD TIME 


PULSE WIDTH 



3V 

1.5V 

OV 


3V 

1.5V 

OV 


MPL-013 



Notes: 1. Diagram shown for HIGH data only. Output transition may 
be opposite sense. 

2. Cross hatched area is don’t care condition. 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


TEST WAVEFORMS 



Test 

...Yx. 

Output Waveform - Measurement Level 


Vcc 

""- 

VoL -/V-- 


o.ov 


tpLZ 

2.6V 

--- 2.6V 

voL —t 

tpZH 

O.OV 

Jt—^- VoH 

tpZL 

2.6V 

1 

>- VoL 


MPL-015 


TEST LOADS FOR DELAY MEASUREMENTS 


MPL-016 


Normal Load 


Vx 



Three-State Delay Load 
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Am29516/29516A 

Am29517/29517A 

3-STATE 

TIMING DIAGRAM 


3 STATE 
CONTROL 


3-STATE 

OUTPUT 


/ 


f 

(DISABLE) 


(HIGH LEVEL) 

> 

> 

(LOW LEVEL) 

^ ^PLZ 
(DISABLE) 



(HIGH IMPEDANCE) 


Vol+.5V 



TpzL — 

(ENABLE) 


VOH 

1.5V 

''OL 


VoL 


Am29516/29516A 
Am29517/29517A 
SIMPLIFIED TIMING DIAGRAM 
TYPICAL APPLICATION 


MPL-021 



|--Tmc-^ 










D 






DATA INPUT 
TOX, Y 
REGISTERS 


DATA OUTPUT 
TO MSP, LSP 
REGISTERS 


—-j |-^THCL(Am29516) 

□- 


^ RECEIVE MSP OR LSP 

■a——----1 


DATA INPUT 
TOX, Y 
REGISTERS 


DATA OUTPUT 
TO MSP, LSP 
REGISTERS 


MPL-022 
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Xm. Ym = 1 

Am29516 • Am29517 

INPUT FORMATS 

Fractional Two’s Complement Input Format 



( 2°) 

Xm, Ym = 1 


2 j 2 0 2 s 2 » 2 '■ 2 » 2 » 2 lu 2 ” 2 2 '3 2 w 2 Sgn 2 ' 2 2 ■> 2 » 2 » 2 >> 2 ' 2 » 2 « 2 .o 2 ” 2 2 2 2 ’ 

( 20) 


Integer Two’s Complement Input Format 


__ _Y|N^__ 

15 14 13 12 J1 10 9 8 7 6 5 4 3 2 1 ^ [”15 14 13 12 ii io 9 8 7 ~ 5 4 3 2 l 0 


Sgn 2'* 2'3 

( 2'5) 


2'2 2" 2’0 2® 2® 2^ 2® 2® 2* 2® 2® 2' 2® Sgn 2'^ 2'® 2'2 2" 2'® 2® 2® 2^ 2® 2® 2'' 2® 2® 2' 2® 

( 2'®) 


Xm.Ym = o 

Unsigned Fractional input Format 

_XjN___ _ Yin _ , _ 

[ 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 [ | 15 14 13 12 11 10 9 8 7 ^ 5 4 3 2 1 ^ 

2' 2® 23 2 * 2® 2® 2® 2® 2® 2’®2"2'2 2'3 2'‘«2 >5 2'® 2' 2® 2® 2 * 36 36 3? 38 39310211212213314315316 

Xm, Ym = 0 

Unsigned Integer Input Format 

_^^_ _Yin_ 

I 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 | | 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

315 314 313 312 311 310 39 38 2? 36 35 34 33 32 31 30 315 314 313 312 311 310 39 38 37 36 35 34 33 32 31 30 


Am29516 • Am29517 
OUTPUT FORMATS 


Fractional 2’s Complement (Shifted)* Output 

MSP LSP 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 161 [ 15 14 13 12 11 10 9 6 7 6 5 4 3 2 1 0 | 

Sgn 2 ' 22 33 34 35 36 3? 38 292IO2II2I22I32M215 Sgn 2 ’® 2 2 '8 2 ’® 2 ®® 2 ®’ 2 2 ® 2 ®3 2 24 3 25 3 26 3 27 3 28 3 29 3 30 

(2®) (-20) 

FA = 1 

Fractional 2’s Complement Output 

MSP LSP 

I 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 | | 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 | \ 

Sgn 2® 2 ’ 2 2 2 3 34 36 36 37 38 3 9 3 10 3 11 3 12 3 13 3 14 2 15 3 16 3 17 3 I8 3 I9 3 20 3 21 3 22 3 23 3 24 3 25 3 26 3 27 3 26 3 29 3 30 

(-2') 

FA = 1 

Integer Two’s Complement Output 

MSP LSP 

I 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 | | 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 | 

Sgn 230 329 328 227 326 326 324 323 322 321 320 319 3I8 317 316 316 314 313 312 311 3IO 39 38 3? 36 36 34 33 32 3! gO 

( -23' ) 

FA *= 1 

Unsigned Fractional Output 

MSP _ LSP _ 

I 31 30 29 28 27' 26 25 24 23 22 21 20 19 18 17 16 [ | 15 14 13 12 II' 10 9 8 7 6 5 4 3 2 1 0 [ 

31 32 3 3 3 4 3 6 3 6 2 7 2-8 3 9 3 to 3 11 3 12 3 13 2 14 3 15 3 16 3 17 3 18 3 19 3 20 3 21 3 22 3 23 3 24 3 25 3 26 3 27 3 28 3 29 3 30 3 31 3 32 


FA = 1 

Unsigned Integer Output 

MSP LSP 

I 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 | | 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 | 

231 230 229 328 32? 326 326 324 323 322 321 2®® 2’® 2'® 2'^ 2’® 2'® 2’'* 2'3 312 311 310 39 38 27 36 35 34 33 32 31 30 


* In this format an overflow occurs in the attemped multiplication of the two's complement number 1.000... (-1) with itself, yielding a product of 1.000 
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METALLIZATION AND PAD LAYOUTS 


Am29516 


Am29517 


x? 

Xb 

X,o 

*11 

Xl2 


Xl3 

X14 

Xi5 

CLKX 


RNO 

Xm 

Ym 

+Vcc 

+Vcc 

GNO 

GNO 


CLKM 


S®’’ S'*® 

P30. Pl4 
P 29 . Pl 3 
P28, P12 
P27. P11 
P26. P10 
£25. P9 
P 24 . Pfi 



1 

X4 

Xs 

64 

2 

X3 

Xg 

63 

3 

52 

X 7 

62 

4 

Xi 

Xb 

61 

5 

6 

7 

olc 

CLKL 

X9 

X,o 

60 

59 

8 

CLKY 

X 11 

56 


X 12 

57 



X,3 

56 

9 

Po. Vo 

Xi4 

55 

10 

11 

12 

Pi. Yi 

P 2 . Y 2 

P 3 . V 3 


54 

S3 

13 

P4. Y4 


52 

14 

Ps. Vs 

RNO 

IS 

Ps. Vb 

x„ 

51 

16 

P7. Y 7 

Vm 

50 

17 

Pb. Vb 

+Vcc 

49 

18 

P9. V 9 

+Vcc 

48 

19 

Pio. Vto 

GNO 

47 

20 

P 11 . v« 

GNO 

46 

21 

22 

Pi 2 . Via 

Pl3. V,3 

MSPSEL 

45 

23 

Pl4. Vi4 


44 

24 

Pis. V ,5 

FA 

43 


oEP 

42 



INP 

41 


PO. P 16 
Pi. Pl7 

P 3 . P 19 
P 4 . P 20 
Ps. P 21 

P 7 . P 23 


P 31 . Pis 40 

P 30 . Pl4 39 

P 29 . Pl3 38 

P28.P12 37 

P 27 . P 11 36 

P26. P 10 35 

P 25 . P 9 34 

P 24 . Pb 33 



OEL 

CLK 

ENY 


PQ. Vo 
Pi. Yl 
P 2 . V2 
P 3 .Y 3 

P4. Y4 
Ps. Vs 
Ps. y| 
P7. Y 7 
Pb. Yb 
P 9 . Yg 
Pio- YlO 
P1I. Y11 
P12. V,2 
Pl3 . Yi 3 
Pl4 . Yi 4 
Pis. Yi 5 


Po. P 16 
Pi. Pl7 
P 2 . P 18 
P 3 . Pl9 
P 4 . P 20 
Ps. P 21 
Ps. P22 
P 7 . P 23 


MPL-069. 


DIE SIZE: 250X222 Mils 


MPL-070 


Am29516A 


Am29517A 
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CONNECTION DIAGRAMS 
Top Views 
D-64-3 


X 4 

X 3 

X 2 

X1 

Xq 

OEL 

CLKL 

CLKY 


Po. Yo 
Pi- Yi 
P2-Y2 
P3. Y3 
P4, Y4 
Ps. Ys 
Pe- Ye 
P7. Yr 
Ps. Yg 
P9. Yg 
P10. Y10 
P11. Y11 
P12. Yi2 
P13. Yi 3 
Pl4. Y,4 
Pis. Yis 
Po. P16 
Pi. Pl7 
P2. Pi 8 

P3. Pi 9 

P 4 . P 20 
Ps. P21 
Ps. P22 
P 7 . P 23 



X 5 

Xs 

X7 

Xs 

Xg 

X10 

X11 

X12 

Xl3 

Xi4 

XlS 

CLKX 

RND 

Xm 
Ym 
+ Vcc 
+Vcc 

GND 

GNO 

MSPSEL 

FT 



CLKM 
P31. Pis 
P30. Pl4 
P29. Pl3 
P28. Pi 2 
P 27 . P 11 
P 26 . P 10 
P2S. P9 
P24. Ps 


X 4 

X 3 

X2 

X1 

Xo 

OEL 

CLK 

iNY 


Po. Yo 
Pl. Y, 
P2. Y2 
P 3 . Y 3 
P4. Y4 
Ps. Yg 
Ps. Ye 
P 7 . Y 7 
Ps. Ye 
P9. Yg 
P 10 . Y 10 
P11. Y11 
P 12 . Yi2 


P13. Yi 3 

P 14 . Yi4 

Pis. Yis 
Po. Pis 
Pi. Pl7 
P2. Pis 
P3. Pl9 
P4. P20 
Ps. P21 
Ps. P22 
P7. P23 



X5 

Xs 

X7 

Xs 

Xg 

X10 

X 11 

X12 

Xl3 

Xi4 

Xl5 

ENX 

RND 

Xm 

Yv 

+ Vcc 

+ Vcc 

GND 

GND 

MSPSEL 

FT 

FA 

OiP 

ENP 

P31. Pis 

P30. Pi 4 
P29. Pi 3 
P28. Pi 2 
P 27 . P 1 I 
P 28 . P 1 O 
P 25 . P 9 
P24. Ps 


MPL 071 


MPL-072 


ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 


Am29516 
Order Number 

Am29517 
Order Number 

Package Type 

(Note 1) 

Operating Range 

(Note 2) 

Screening Level 

(Note 3) 

AM29516DC 

AM29517DC 

D-64 

C 

C-1 

AM29516ADC 

AM29517ADC 

D-64 

C 

C-1 

AIVI29516DCB 

AM29517DCB 

D-64 

C 

B-2 (Note 4) 

AM29516ADCB 

AM29517ADCB 

D-64 

C 

B-2 (Note 4) 

AM29516DM 

AM29517DM 

D-64 

M 

C-3 

AM29516ADM 

AM29517ADM 

D-64 

M 

C-3 

AM29516DMB 

AM29517DMB 

D-64 

M 

B-3 

AM29516ADMB 

AM29517ADMB 

D-64 

M 

B-3 

AM29516LC 

AM29517LC 

L-68 

C 

C-1 

AM29516ALC 

AM29517ALC 

L-68 

C 

C-1 

AM29516LM 

AM29517LM 

L-68 

M 

C-3 

AM29516ALM 

AM29517ALM 

L-68 

M 

C-3 

AM29516LMB 

AM29517LMB 

L-68 

M 

B-3 

AM29516ALMB 

AM29517ALMB 

L-68 

M 

B-3 


Notes: 1. D = Hermetic DIP, L = Chip-Pak. Number following letter is number of leads. 

2. C = 0 to +70°C, Vcc = 4.75 to 5.25V, M = -55 to +125°C, Vcc = 4.50 to 5.50V. 

3. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 

4. 160 hour burn-in. 
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Am29516/17 Application Note 

32x32 Multiplier 


The Am29516/17 is 16 x 16-bit High-Speed Multiplier. Many 
applications, however, require larger word widths, thus larger 
multipliers. A 32 x 32-bit multiplier can be constructed using 
16 X 16-bit multipliers. 

To multiply two 32-bit data words, each data word is divided 
into two 16-bit portions. The two 16-bit halves represent the 
most significant and least significant halves Of the full 32-bit 
data words. 

Let 

X = 32-bit data word 
y = 32-bit data word 

X = 216a + 20b 

y = 216C + 20 d 


The product of the two 32-bit words is a cross product of x and y: 
X * y = (216A 4- 20B) * (21®C -h 20D) 

= 232(AC) + 216(AD) + 216(BD) + 20(BD) 

Performing this algorithm using 16 x 16-bit multipliers is as sim¬ 
ple as multiplying each of the partial products separately and 
then adding them. 

A primary characteristic of many applications Is speed. Figure 1 
shows the architecture for a single cycle 32 x 32-bit multiplier 
using four Am29516/17s and an array of adders and carry- 
lookahead generators. This system performs a full 32 x 32-bit 
two’s complement or unsigned multiply in a single clock cycle. 
Simpler architectures can be used to perform the same al¬ 
gorithm but would require multiple clock cycles. 


Figure 1. 




ABL -034 
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Am29520 • Am29521 

Multilevel Pipeline Registers 


DISTINCTIVE CHARACTERISTICS 

• Four 8-bit high speed registers 

• Dual two-level or single four-level push-only stack 
operation 

• All registers available at multiplexed output 

• Hold, transfer and load instructions 

• Provides temporary address or data storage 

• 24-pin 0.3” package 


CONNECTION DIAGRAMS 
Am29520/21 


(INSTRUCTION) Iq 
(INSTRUCTION) 1^ 
Do 
D1 
D2 
Da 
D4 
Ds 
Do 

D7 

CLK 

GNO 


Zl Vcc 

So(MUXSEL) 
Si (MUX SEL) 

Zl Vo 

Z Yi 

Z Y2 
Z Ya 

ZY4 

ZYs 

Z Yo 
Z Y7 

z^ 


D-24-Slim 



Chip-Pak™ 

L-28-1 


NC Do ll 'O Vcc So S, 



MPL-003 


FUNCTIONAL DESCRIPTION 

The Am29520 and Am29521 each contain four 8-bit positive 
edge-triggered registers. These may be operated as a dual 
2-level pipeline or as a single 4-level pipeline. A single 8-bit 
input is provided and all four registers are available at the 
8-bit, 3-state output. 

The Am29520 and Am29521 differ only in the way data is 
loaded Into and between the registers in dual 2-level opera¬ 
tion. This difference is illustrated in Figure 1. In the Am29520 
when data is entered into the first level (I=2 or l=1) the 
existing data in the first level is moved to the second level. In 
the Am29521 these instructions simply cause the data in the 
first level to be overwritten. Transfer of data to the second 
level is achieved using the 4-level shift instruction (l=0). This 
transfer also causes the first level to change. In either part 
l=3 is a NO-OP. 


LOGIC DIAGRAM 



Note: Pin 1 is marked for orientation mpl-ogi 


RELATED PRODUCTS 


Part No. 

Description 

Am29540 

FFT Address Sequencer 

Am29116 

16-bit Bipolar Microprocessor 

Am2925 

System Clock Generator and Driver 

Am29517 

16 X 16-bit High Speed Multiplier 

Am29510 

16 X 16-bit Multiply Accumulator 

Am6108 

8-bit Microprocessor Compatible 

A/D Converter 

Am9128-70 

2K X 8 Static RAM 

Am21L47-55 

4K X 1 Static RAM 


•Multilevel Pipeline Register MPL-001 



DUAL 2-LEVEL 

SINGLE 4-LEVEL 

Am29520 

I A1 1 1 B1 1 } A1 1 1 B1 j 

) A2 I ( B2 I } A2 I I B2 ) 

l=2 l=1 

1 A1 1 

1 A2 1 

1= 

1 B1 1 

{ B2 1 

= 0 

Am29521 

rk} CID GD IzD 

CE] cm cm cm 

1=2 1 = 1 

1 A1 } 

) A2 1 

1 = 

} B1 1 

1 82 i 

= 0 


Figure 1. 1 = 3 NO-OP 


MPL-002 



Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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Am29520/521 

Am29520/521 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM’L Ta = 0 to +70°C Vcc = 5.0V ±5% (MIN = 4.75V MAX = 5.25V) 

MIL Tc = -55 to +125°C Vcc = 5.0V ±10% (MIN = 4.50V MAX = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 


Parameters 

Description 


Test Conditions (Note 1) 

Min 

(Note 2) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min 


Iqh = -6.5mA (COM’L) 

2.4 



Volts 

V|N = V|H or V|L 

Iqh = -"2.0mA (MIL) 

2.4 



Vql 

Output LOW Voltage 

Vcc = min 


Iql = 12mA 



^5 

Volts 

V|N = V|H or V|L 

Iql = 20mA 



Bo 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 


% 

Volts 

VlL 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs ^ 

4,-*....% iJ 


0.8 

Volts 

Vl 

Input Clamp Voltage 

Vcc = min, I,n = -1 

MA 




-1.2 

Volts 

l|L 

Input LOW Current 

Vrn = MAX. V«C 





-2.0 

mA 





Inputs 



-0.4 


l|H 

Input HIGH Current ^ 






50 

fiA 

l| 

Input HIGH ^ 



Iv 




1.0 

mA 

•OZH 

Out^u^ 


Vq = 2.7V 



50 

fiA 

bZL 

Vq = 0.4V 



-50 

isc 

Outp^Eort CirciK)urrent 

Vcc = MAX 

-30 


-100 

mA 




COM’L and MIL 

Ta = 25°C 


125 






COM’L Onlv 

Ta = 0 to +70°C 



185 


•cc 

Power Supply Current 
(Note 4) 

Vcc = MAX 



Ta = +70“C 



155 

mA 

MIL Onlv 

Tc = -55 to +125°C 



200 



_ 



Tc = +125“C 



150 



Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. All inputs LOW. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-esto+iso^c 

Temperature Under Bias - Tq 

-55 to +125‘’C 

Supply Voltage to Ground Potential Continuous 

-0.5 to +7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5V to + Vcc max 

DC Input Voltage 

-0.5to+5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

-30mA to + 5.0mA 



DEFINITION OF TERMS 

So, Si 

Multiplexer select inputs select either register 

D 0 -D 7 

Register input port 


Ai, A 2 , Bi or B 2 data to be available at 
the output port 

CLK 

Clock input enter data into registers on 
LOW-to-HIGH transitions 

OE 

Output enable for 3-state output port 

* 0 » *1 

Instruction inputs. See Figure 1 and 

Instruction Control Tables. 

Y 0 -Y 7 

Register output port 
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Am29520/29521 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 


Am29520/521 




COM’L 

MIL 



Ta = 25X 

Vcc = 5.0V 

Ta = 0 to 70«C 

Vcc = 5V ±5% 

Tc = -55 to +125‘’C 
Vcc = 5V ±10% 

Parameters 

Description 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

Units 

Test Conditions 

tPD 

tpLH 

Clock to Data Output 


12 

18 


21 


24 


HI = 28oa 

Cl = 50pF 

tpHL 


12 

20 


22 



m 

tpDSEL 

tpLH 

Sq, Si to Data 

Output 


12 

18 


20 



tpHL 


12 

18 


20 



ns 

ts 

Input Data to Clock 

10 



10 


^mio ^ 

tH 

3 







ts 

Instruction (Register 
Enable) to Clock 

10 







ns 

tH 

3 


Zm 



3 


tpHZ 

OE to Output ^ 




* 1 ? 1 


14 

ns 

Cl = 5pF 

tpLZ 

OE to 


yjJ 

P' ^ 

15 


16 

ns 

Cl = 5pF 

tpZH 






20 


22 

ns 

Rl = 2800 

Cl = 50pF 

' 

. 

tpZL 



13 

20 


21 

' 

22 

ns 

tpWH 

HET* 

10 

— 


10 

1 

10 


ns 

tpWL 

Clock Pulse 

Width LOW 

10 



to 


10 


ns 


Note: Please refer to Guidelines for Testing Am2900 Family Devices \r\ Section 13 of this data book. 


SET-UP AND HOLD TIME 


DATA 

INPUT 


I—t 


TIMING 
INPUT ■ 


i 


■ 3V 

- 1.5 V 

• OV 

• 3V 

- 1.5 V 


Notes: 1. Diagram shown for HIGH data only. Output transition may 
be opposite sense. 

2. Cross hatched area is don’t care condition. MPL-004 


PULSE WIDTH 



TEST LOADS FOR DELAY MEASUREMENTS 

Vcc 


CHIP TOPOGRAPHY 
Am29520/21 




MPL-008 


DIE SIZE: 0.117" X 0.131" 
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Am29516/517 * Am29516A/517A 


DATA OUTPUT SELECT 


Si 

So 

OUTPUT 

H 

H 

A1 

H 

L 

A2 

L 

H 

B1 

L 

L 

B2 





Am29520 INSTRUCTIONS 








Register Contents After Clock tp 



Inst 

Mnemonic 

h 

>0 

Ain 

A2n 

Bln 

CD 



0 

SHFT 

L 

L 

D 

Aln-i 

A2n-1 

B1n-1 



1 

LDB 

L 

H 

A1n-i 

A2n-1 

D 

B1n-1 



2 

LDA 

H 

L 

D 

A1n-i 

B1n-1 

B2n-1 



3 

HLD 

H 

H 

A1n-1 

A2n-1 

B1n-1 

B2n-1 





Am29521 INSTRUCTIONS 








Register Contents After Clock tp 



Inst 

Mnemonic 

•1 

•o 

Ain 

A2n 

Bln 

B2n 



0 

SHFT 

L 

L 

D 

A1n-1 

A2n.i 

B1n-1 



1 

LDB 

L 

H 



D 

B2n.i 




LDA 

H 

L 

D 


B1n-1 

B2n-i 




HLD 

H 

H 



B1n-i 

c 

CVJ 

CD 













ORDERING INFORMATION 




Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

Am29520 

Am29521 

Package Type Operating Range 

Screening Level 

Order Number Order Number 

(Note 1) 

(Note 2) 

(Note 3) 

AM29520DC 

AM29521DC 

D-24-SLIM 

C 

C-1 


AM29520DCB 

AM29521DCB 

D-24-SLIM 

C 

B-2 (Note 4) 

AM29520DM 

AM29621DM 

D-24-SLIM 

M 

C-3 


AM29520DMB 

AM29521DMB 

D-24-SLIM 

M 

B-3 


AM29520LC 

AM29521LC 

L-28 


C 

C-1 


AM29520LM 

AM29521LM 

L-28 


M 

C-3 


AM29520LMB 

AM29521LMB 

L-28 


M 

B-3 


Notes; 1. 

D = Hermetic DIP, L = Chip-Pak. Number following letter is number of leads. 



2. 

C = 0 to +70°C, Vcc = 4.75 to 5.25V, M = -55 to +125°C, Vcn = 

4.50 to 5.50V. 



3. 

Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 


4. 

160 hour burn-in. 
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APPLICATIONS 

The IMOX™ Am29520 and Am29521 multilevel pipeline regis¬ 
ters are specifically designed as a temporary address storing 
register for array processing and digital signal processing appli¬ 
cations using the Am29500 Family. 

In AP/DSP applications a single data address may be used a 
multiple number of times. The multilevel pipeline register allows 
saving addresses within its registers for use at a later time. 

Below are a number of applications where the use of a multi¬ 
level pipeline register can be implemented. 

CLOCK CONTROLLER, BYTE-WIDE DELAY 
LINE/SHIFT REGISTER 

The Am29520/21 can be utilized as a byte-wide shaft register 
(Figure 1a) capable of delaying a byte of data from one to four 
clock cycles. The number of delay cycles is controlled by the Sq, 


Si control inputs and can be changed by the user without inter¬ 
rupting the data flow. 

Figure 1b shows the contents of all Am29520/21 registers during 
each clock cycle. With the instruction input set at I = 0, the 
operation performed is that of a byte-wide shift register. The 
contents of any register can be accessed by appropriately set¬ 
ting So, Si. In this example, Di input data Is presented after the 
clock 0 rising edge. At the clock 1 rising edge, the Di data is 
loaded into Ai. At the clock 2 rising edge, the Dg data Is loaded 
in Ai and the Di data is pushed into A 2 . This action continues 
as long as clocks are provided (this is a static part; therefore, 
Interrupting the clock does not cause data to be lost). Data 
pushed out of B 2 is lost. The user determines the delay by 
setting the output MUX to one of the four registers via Sq, Si 
controls. In this example, register Bi was selected (Sq, Si = 
10). The data at the Am29520/21 output is delayed by three 
clock cycles. 


Am29500 PROCESSOR 


H«st Computer 



MPL-063 


Figure la. Block Diagram 



MPL-064 
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Am29520/521 


Figure 1b. Timing Diagram 



MPL-065 


Figure 2. Am29520/21 Expansion in Width and Depth 


16-BIT 

INPUT 



S2 Sq Si 
(DELAY SELECT) 


16-BIT 

OUTPUT 


Since the output is capable of three-state, a no-delay operation 
occurs if the input is tied to the output and OE = 1 . 

The Am29520/21 is easily expandable to accommodate data 
widths of 16, 24, 32, etc. bits and delays of 8 , 12, 16, etc. clock 
cycles as shown in Figure 2. 

If greater delays are required by cascading devices are not ac¬ 
ceptable, then consider controlling the clock input to the 
Am29520/21. An example of this is shown in Figure la. In this 
case, an Am2925 clock generator provides the clock inputs to 
the Am29520/21 (see Am2925 Data Sheet). The Am2925 digital 
control inputs (L-j, L2, L3) allows the user to program the clock 
outputs to vary from F 0/3 to Fo /10 in eight steps (Fq = input 
fundamental clock frequency input to the Am2925). The 
Am2925 provides four duty cycle outputs (C-|, C2, C3, C4) for 
each of the eight multiples of the fundamental period. Table 1 is 
a matrix showing all combinations of the Am2925 Li, L 2 , L 3 and 
the Am29520/21 Sq, Si controls. Twenty-four meaningful com¬ 
binations are available providing from 1 to 40 clock delays. 


TABLE 1. CLOCK DELAY SELECT MATRIX 


Am2925 Select Input 

Li 

Am29520/21 L 2 

So, Si Input L 3 

Fq F3 F4 F5 Fe F7 Fs F9F10 

X 0 1 1 1 1 0 0 0 

X 0 0 0 1 1 1 1 0 

X 0 0 1 1 0 0 1 1 

1J(Ai) 


1 3456789 10 

0,1 (A 2 ) 


2 6 8 10 12 14 16 18 20 

1 . 0 (Bi) 


3 9 12 15 18 21 24 27 30 

0,0 ( 62 ) 


4 12 16 20 24-28 32 36 40 


MPL-066 
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ANALOG/DIGITAL BUFFER 

In the example shown in Figure 7 the Am29520/21 acts as a 
4-byte buffer between an A/D converter and a controller (or 
microprocessor). Four digitized samples are sequentially stored 
in the Am29520/21 from the A/D converter. This is ac¬ 
complished by applying a READ control input to the clock Input 
of the Am29520/21 as well as to the READ input of the A/D. 
Since I = 0, the data output from the A/D will be stored In the 
Am29520/21 as shown In Figure 8. 


While the fifth sample is being acquired by the A/D, the control¬ 
ler will read ail registers of the Am29520/21 by manipulating Sq, 
Si. Note that the three-state output (controlled by OE) can be 
tied directly to a microprocessor bus and that the registers of the 
Am29520/21 can be easily memory mapped. 


Figures. A/D Buffer 



MPL-067 


Figure 4. A/D Buffer Timing 


READ INPUT 




Am29520/21 INPUT 

SAMPLE 1 ^ 

SAMPLE2 

SAMPLE 3 

SAMPLE 4 

SAMPLES 

SAMPLES 



The A/D will acquire four more samples before the Am29520/21 registers need to be read. 

Note that the Am29520/21 can be simultaneously written and read. A two byte ping-pong memory is realizable by switching between I modes 1 and 2. 
While the A/D is writing registers Bi and 02, the microprocessor can be reading registers Ai and A 2 . 

Also, note that the Am29520/21 is easily cascadable in width (as previously described) for applications involving 12-bit and 16-bit A/D converters. 
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Am29526 • Ann29527 
Am29528 • Am29529 

High Speed Sine, Cosine Generators 


DISTINCTIVE CHARACTERISTICS 

• Provides values for sine/cosine functions in 7r/2048 
increments 

• Outputs are 16-bit two’s complement fractions 

• Fast generation time of 50ns max Com’l 

• S/LS compatible 

• Three-state outputs 

• IMOX™ processing 


RELATED PRODUCTS 
Part No. Description 

Am29516/17 16 x 16-Bit High Speed Multipliers 

Am29510 16 x 16-Bit Multiply Accumulator 

Am29540 FFT Address Sequencer 

Am29825 High Performance 8-Bit Register 


CONNECTION DIAGRAMS - Top Views 
DIP 



Chlp-Pak"“ 


ABL-006 


^ z z z 



FUNCTIONAL DESCRIPTION 

The Am29526/27 and Am29528/29 provide high speed 
generation of sine and cosine functions over the range 
0 ^ 0 < TT in increments of 7r/2048. 6 is determined by an 
11-bit input word. Each device provides an 8 -bit output and 
two are used to give the full 16-bit value. The Am29526 
and Am29527 generate the MS and LS bytes respectively 
for the sine function. Similarly, the Am29528 and Am29529 
generate the cosine functions. 

The outputs are fractional two’s complement numbers with 
the radix point located immediately to the right of the sign 
bit (in between the bits weighted -2° and 2“^). As this 
format does not allow for the representation of +1 the 
functions generated are -sin 0 and -cosd. In this way the 
output values are restricted to the range -1 ^ f((9) < +1 
which is representable. The outputs are three-state with 
one active Low enable and two active High enable. 

While providing general purpose sine and cosine function 
capability, the Am29526/27/28/29 satisfy the requirements 
of the Am29540 FFT Address Sequencer. 


BLOCK DIAGRAM 


Afl-Aio 



ABL-008 



IMOX and Chip-Pak are trademarks of Advanced Micro Devices, Inc. 
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Am 29526 / 27 / 28/29 
Am29526/27/28/29 
ELECTRICAL CHARACTERISTICS 

The following conditions apply unless otherwise specified: 

COM’L TA = 0to+70°C Vcc = 5.0V±5% (M|N = 4.75V MAX = 5.25V) 

MIL Tc = -55to +125°C Vcc = 5.0V ±10% (MIN = 4.50V MAX = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Typ 


Parameters 

Description 

Test Conditions 


Min 

(Note 1) 

Max 

Units 

Vqh 

Output HIGH Voltage 

Vcc = MIN, loH = -2.0mA 

V|N = V|H or V|L 

2.4 



Volts 

VoL 

Output LOW Voltage 

Vcc = min, Iql = 16mA 

V|N = V|H orV|L 



0.60 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

VlL 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

l|L 

Input LOW Current 

Vcc = max, V|n = 0.45V 


-0.010 

-0.250 

mA 

l|H 

Input HIGH Current 

Vcc = max, V|n = 2.7V 



25 

/LtA 

h 

Input HIGH Current 

Vcc = max, Vin = 5.5V 



1.0 

mA 

•sc 

Output Short Circuit Current 

Vcc=MAX,Vout=0.0V 

MIL 

7-15 

-40 

-90 

mA 

(Note 2) 

COM’L 

-20 

-40 

-90 

•cc 

Power Supply Current 

All inputs = GND, Vcc = MAX 


115 

185 

mA 

V| 

Input Clamp Voltage 

Vcc — MIN, l||sj = —18mA 



-1.2 

Volts 

•CEX 

Output Leakage Current 

Vcc = max 

Vo = Vcc 



40 

fiA 

Vcs = 2.4V 

Vo = 0.4V 



-40 

C|N 

Input Capacitance 

V|N = 2.0V @ f = 1MHz (Note 3) 


4.0 


PF 

COUT 

Output Capacitance 

Vqut = 2.0V @ f = 1MHz (Note 3) 


8.0 



Notes: 1. Typical limits are at Vqq = 5.0V and Ta +25°C. 

2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 

3. These parameters are not 100% tested, but are periodically sampled. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65 to +150°C 

Temperature (Ambient) under Bias 

-55to+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5 to +7.0V 

DC Voltage Applied to Outputs 

-0.5V to +Vqq max 

DC Input Voltage 

-0.5 to +5.5V 

DC Input Current 

-30 to +5mA 


DEFINmON OF FUNCTIONAL TERMS 


Aiq-Aq Data Input Values 

Input, 6, corresponding to 0 = 0 (000) to ZOAlirl 

2048 (3FF). Aio is MSB. F 7 -F 0 

Ef, E 2 , E 3 Output Enables 

When Ei is Low and E 2 and E 3 are High, the 

outputs F 0 -F 7 are enabled. Otherwise the out¬ 
puts are in the high impedance state or off. 

Data Output Values 

The outputs corresponding to -s\ne or -cose. 

F 7 is MSB. 
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Am29526/27/28/29 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 




COM’L 

MIL 

Test 

Units Conditions 

Parameters Description 

Ta = -»-25‘‘C 
Vcc = 5V 

TA = 0to+70X 
Vcc = 5V ±5% 

Tc = -55 to -M25X 
Vcc = 5V ± 10 % 

Typ 

Max 

Max 

tpLH 

Sin/Cos Generation Time 

Aj to Fj 

30 

50 

65 

ns 

Rl = 600n 

Cl = 30pF 
(Notes 1 and 2) 

tPHL 

30 

50 

65 

ns 

tpHZ 

Ei, E 2 , E 3 
Disable Time 

High to Z 

10 

25 

30 

ns 

tPLZ 

Low to Z 

10 

25 

30 

ns 

tpZH 

El, E 2 , E 3 
Enable Time 

Z to High 

10 

25 

30 

ns 

tpZL 

Z to Low 

10 

25 

30 

ns 


Notes: 1. tpLH and tpHL are tested with switch Si closed and Cl = 30pF. 

2. For three-state outputs, the disables time is tested with Cl = 30pF to the 1.5V level; Si is open for Z to High test and closed for Z to Low test. 
The enable time is tested with Cl = 5pF. High to Z tests are made to an output voltage to Vqh -0.5V with Si open; Low to Z tests are made 
to the Vql -0.5V level with Si closed. 


SWITCHING WAVEFORMS 



Note: Level on output while chip is disabled is determined externally. 


ABL-009 


AC TESTLOAD 



ABL-010 
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TABLE 1. -C0S((9) TABLE 


Decimal 

Input 

Actual 

Hexadecimal 

Input 

Angle 
in Radians 

Decimal Value 
of-Cos(0) 

Hex Value 
of-Cos(0) 

' --— n 

Am29526 

MS Device 

Am29527 

LS Device 

0 

0 

0 

-1.000000 

1000 

10 

00 

512 

200 

ttI4 

-0.707107 

A57E 

A5 

7E 

1024 

400 

7r/2 

0.000000 

0000 

00 

00 

1^6 

600 

37r/4 

+ 0.707107 

5A82 

5A 

82 

2047 

7FF 

20477r/2048 

+0.999999 

7FFF 

7F 

FF 


TABLE 2. -SiN(0) TABLE 


Decimal 

Input 

Actual 

Hexadecimal 

Input 

Angle 
in Radians 

Decimal Value 
of-Sln(d) 

Hex Value 
of-“Sln(^) 

Am29528 

MS Device 

Am29529 

LS Device 

0 

000 

0 

0 

0000 

00 


512 

200 

7r/4 

-0.707107 

A57E 

A5 

7E 

1024 

400 

ttI2 

-1.00000 

8000 

80 

00 

1536 

600 

37r/4 

-0.707107 

A57E 

A5 

7E 

2047 

7FF 

20477r/2048 

-0.Q01534 

FFCE 

FF 

CE 


Figure 1. The Minus Sine Function 


OUTPUT 

2'S COMPLEMENT DECIMAL 


INPUT 



ABL-011 


Figure 2. The Minus Cosine Function 


OUTPUT 



ABL-012 
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ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 


Order Number 

Package Type 

(Note 1) 

Operating Range 

(Note 3) 

Screening Levei 

(Note 2) 

AM29526PC 

P-24-1AA 

C 

C-1 

AM29527PC 

P-24-1AA 

C 

C-1 

AM29528PC 

P-24-1AA 

C 

C-1 

AM29529PC 

P-24-1AA 

C 

C-1 

AM29526PC-B 

P-24-1AA 

C 

B-1 

AM29527PC-B 

P-24-1AA 

C 

B-1 

AM29528PC-B 

P-24-1AA 

C 

B-1 

AM29529PC-B 

P-24-1AA 

C 

B-1 

AM29526DC 

D-24-1AA 

C 

C-1 

AM29527DC 

D-24-1AA 

C 

C-1 

AM29528DC 

D-24-1AA 

C 

C-1 

AM29529DC 

D-24-1AA 

C 

C-1 

AM29526DC-B 

D-24-1AA 

C 

B-1 

AM29527DC-B 

D-24-1AA 

C 

B-1 

AM29528DC-B 

D-24-1AA 

C 

B-1 

AM29529DC-B 

D-24-1AA 

C 

B-1 

AM29526DM 

D-24-1AA 

M 

C-3 

AM29527DM 

D-24-1AA 

M 

C-3 

AM29528DM 

D-24-1AA 

M 

C-3 

AM29529DM 

D-24-1AA 

M 

C-3 

AM29526DM-B 

D-24-1AA 

M 

B-3 

AM29527DM-B 

D-24-1AA 

M 

B-3 

AM29528DM-B 

D-24-1AA 

M 

B-3 

AM29529DM-B 

D-24-1AA 

M 

B-3 

AM29526LC 

L-32-2 

C 

C-1 

AM29527LC 

L-32-2 

C 

C-1 

AM29528LC 

L-32-2 

C 

C-1 

AM29529LC 

L-32-2 

C 

C-1 

AM29526LM 

L-32-2 

M 

C-3 

AM29527LM 

L-32-2 

M 

C-3 

AM29528LM 

L-32-2 

M 

C-3 

AM29529LM 

L-32-2 

M 

C-3 

AM29526LM-B 

" L-32-2 

M 

B-3 

AM29527LM-B 

L-32-2 

M 

B-3 

AM29528LM-B 

L-32-2 

M 

B-3 

AM29529LM-B 

L-32-2 

M 

B-3 


Notes: 1. P = Molded DIP, D = Hermetic DIP, L = Chip-Pak. Number following letter is number of leads. See 

Appendix B for detailed outline. Where Appendix B contains several dash numbers, any of the variations of 
the package may be used unless otherwise specified. 

2. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 

3. C = 0 to +70°C, Vcc = 4.75 to 5.25V, M = -55 to +125°C, Vqc = 4.50 to 5.50V. 
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Am29540 

Programmable FFT Address Sequencer 

ADVANCED DATA 


DISTINCTIVE CHARACTERISTICS 


FUNCTIONAL DESCRIPTION 


• Generates data and coefficient addresses 

• Programmable transform length 2 to 65,536 points 

• Radix-2 or Radix-4 

• Decimation in frequency (DIF) or decimation in time (DIT) 
FFT algorithms supported 

• In-place or non-in-place transformation 

• 40-pin DIP package 

• 5 volt single supply 


RELATED PRODUCTS 

Am29520/521 - Multilevel pipeline register 
Am29825 - High performance 8-bit register 


CONNECTION DIAGRAM 
Top View 


The Am29540 Fast Fourier Transform Address Sequencer 
generates all the data (RAM) and coefficient (ROM) 
addresses necessary to perform the repetitive butterfly 
operations of the FFT. Decimation in time and decim ation 
in frequency algorithms are supported (control DIT/DIF) 
in radix-2 or radix-4 (RADIX 4/2). A raclix-2 real valued 
Input (RVI) transform is also supported. For radlx-2 operation 
the transform length is programmable in powers of 2 from 2 
to 65,536 points. In radix-4 the range is 4 to 65,536 in 
powers of 4. 

Address sequences can be selected to be compatible with 
data which may or may not have been pre-scrambled (“bit- 
reve rsed”). If the data has been pre-scrambled the control 
PSD must be LOW to selec t the correct sequence. If the data 
is not pre-scrambled (PSD HIGH) and an in-place transform 
is performed, the output data will necessarily be in bit- 
reversed order. If this is not desirable, alternate addresses 
are available for a non-in-place, non-bit-reversing algorithm. 



ASi 

ASj 

ASg 

ODD/EVEN (IC^KNZ) 

TSEL 

TSTRB 


TUo 

TLi 

TLg 

TL3 


h 

CP 

SEL 

STRB 

DIT/DtF 

RADIX 4/2 
ITCOMP 


MPL-046 


The butterfly counter operates on the positive clock edge and 
responds to four instructions. COUNT causes the counter to 
increment to the next butterfly. RESET causes the counter to 
initialize for the specified transform length. RESET/LOAD 
causes the counter to initialize and a data address offset to 
be loaded Into the part via the bi-directional 3-state AD¬ 
DRESS port. This offset is effectively OR-ed onto the higher 
significance bits of the address which are unused for the 
selected transform length. A HOLD instruction is also pro- 
vided . Three status lines are provided. ODD/EVEN (KZ/ 
KNZ) controls the alternation of read and write memories for 
non-ln-place transforms and determines the butterfly s truc- 
ture in the RVI transform. The flag has the function KZ/KNZ 
when RVI data addresses are selected (AS = 12 to 15). 
Iteration complete (IT COMP) flags the bottom of a “column” 
of butterflies and is used in conjunction with block floating 
point schemes. FFT COMP identifies the last butterfly of the 
transform. 


LOGIC DIAGRAM 


TRANSFORM 

LENGTH 


T^-TL3 



*0-15 

ADDRESS OUTPUT 
(OFFSET INPUT) 


IT COMP. 

FFT COMP. 
ODD/EVEN (KZ/KNZ) 


FFT Address Sequencer 


MPL-033 
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Am29540 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM’L TA = 0to+70“C Vcc = 5.0V ±5% (MIN = 4.75V MAX = 5.25V) 

MIL Tc = - 55 to +125°C Vcc = 5.0V ± 10% (MIN = 4.50V MAX = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Typ 


Parameters 

Description 


Test Conditions (Note 1 ) 

Min 

(Note 2) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min 


Iqh = -2.6mA, COM’L 

2.4 



Volts 

V|N = V|H orV|L 

IOH = -1mA, MIL 



VoL 

Output LOW Voltage 

Vcc = min 

V|N = V|H orViL 

•OL = 12mA 



0.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

VlL 

Input LOW Level 

Guaranteed input logical LOW 

MIL 



0.8 

Volts 

voltage for all inputs 

COM’L 



0.8 

V| 

Input Clamp Voltage 

Vcc = min, I|n 

= -18mA 




-1.5 

Volts 

•iL 

Input LOW Current 

Vcc = max, V|n = 0.4V 



-0.4 

mA 

i|H 

Input HIGH Current 

Vcc = max, V|n = 2.7V 



20 

. 

/xA 


Input HIGH Current 

Vcc = max, V|n = 5.5V (See Note 5) 



100 

/LtA 

Iqzh 

Off State (High Impedance) 

Vcc = max 

> 

CO 

II 

>° 




jitA 

•OZL 

Output Current 

Vo = 0.5V 




•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 


-30 


-85 

mA 




COM’L and MIL 

Ta = 25°C 








COM’L Only 

Ta = 0 to -l-70°C 





•cc 

Power Supply Current 
(Note 4) 

Vcc = MAX 

Ta = +70°C 




mA 



MIL Only 

Tc= -55to+125°C 







Tc= +125°C 






Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. I^t more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. OE LOW and all inputs LOW. 

5. It is limited to 5.5V because Aq to A 15 inputs also connect to output transistors. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65 to +150‘’C 

Temperature Under Bias - Tq 

-55to+125‘’C 

Supply Voltage to Ground Potential Continuous 

-0.5 to +7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5V to +Vcc max 

DC Input Voltage 

-0.5 to +5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

-30mA to + 5.0mA 
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Am29540 

SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE* 

Parameters Description 

COM’L 

MIL 


Ta = 0 to 70X 
Vcc = 5V ±5% 

Tc = -55 to +125X 
Vcc = 5V ± 10% 

Min 

Max 

Min 

Max 

Units 

Test 

Conditions 

1 

tpD 

CP to Ao -15 (AS = 0) 






Cl = 50pF 

See Test 
Circuits 

1 

tpD 

CP to Ao .15 (AS = 1) 






1 

tpD 

CP to Ao -15 (AS = 2) 






1 

IpD 

CP to Aq-is (AS = 3) 






1 

IpD 

CP to Ao -15 (AS = 4) 






1 

IpD 

CP to Ao -15 (AS = 5) 






1 

IPD 

CP to Ao -15 (AS = 6) 






1 

tpD 

CP to Ao -15 (AS = 7) 






1 

tpo 

CP to Ao -15 (AS = 8) 






1 

tpD 

CP to Ao -15 (AS = 9) 






1 

tpD 

CP to Ao.i 5 (AS = 10) 






1 

tpD 

CP to Ao -15 (AS = 11) 






1 

tPD 

CP to Ao -15 (AS = 12) 






1 

tPD 

CP to Ao.i 5 (AS = 13) 






1 

IPD 

CP to Ao -16 (AS = 14) 






1 

IPD 

CP to Ao.i 5 (AS = 15) 






2 

IpD 

Address Select to Ao-15 






3 

IPHZ 

OE to Ao -15 Disable Time 






4 

IpLZ 

OE to Ao -15 Disable Time 






5 

IPZH 

OE to Ao -15 Enable Time 






6 

IPZL 

OE to Ao -15 Enable Time 






7 

IPD 

CP to IT COMP 






8 

tPD 

CP to FFT COMP 






9 

tpD 

CP to ODD/E^/ (KZ/KNZ) 






10 

tpD 

Address Select to ODD/E^/ (KZ/KNZ) 






11 

ts 

Offset Address Input Aq-is to CP Setup Time 






12 

tH 

Offset Address Input Ao-15 to CP Hold Time 






13 

ts 

Counter Instruction to CP Setup Time 






14 

tH 

Counter Instruction to CP Hold Time 






15 

ts 

Transform Length Select to CP Setup Time 






16 

tH 

Transform Length Select to CP Hold Time 






17 

ts 

Transform Length Select to TSTRB t Setup Time 






18 

tH 

Transform Length Select to TSTRB j Hold Time 






19 

ts 

TSEL (HIGH to LOW) to TSTRB f Setup Time 






20 

tH 

TSEL to TSTRB t Hold Time 






21 

ts 

RADIX 4/2 to CP Setup Time 






22 

tH 

RADIX 4/2 to CP Hold Time 






23 

ts 

RADIX 4/2, PSD, DIT/DIF to S™ f Setup Time 






24 

tH 

RADIX 4/2, PSD, DIT/DIF to Wfm f Hold Time 






25 

ts 

SEL (HIGH to LOW) to STRB t 






26 

tH 

SEL Hold Time to sTM t 






27 

ts 

STRB or TSTRB to CP Setup Time 






28 

tpwSL 

Minimum Strobe Pulse Width LOW 






29 

tpWH 

CP Pulse Width HIGH 






30 

tpWL 

CP Pulse Width LOW 
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Am29540 SWITCHING CHARACTERISTICS 

Ta = 

+25^C Vcc = 

5.0V 

Test 

Parameters 

Description 

Min 

Typ 

Max 

Units 

Conditions 

1 

tpD 

CP to Ao.i 5 (AS = 0) 






1 

Vd 

CPtoAo.i 5 (AS= 1) 






1 

tpD 

CP to Ao -15 (AS = 2) 






1 

tpD 

CP to Ao.i 5 (AS = 3) 






1 

tpD 

CP to Ao -15 (AS = 4) 






1 

tpD 

CP to Ao -15 (AS = 5) 






1 

tPD 

CP to Ao -15 (AS = 6 ) 






1 

tpD 

CP to Ao.i 5 (AS = 7) 






1 

tpD 

CP to Ao -15 (AS = 8 ) 






1 

tpD 

CP to Ao -15 (AS = 9) 






1 

tpD 

CP to Ao -15 (AS = 10) 






1 

tPD 

CP to Ao -15 (AS = 11) 






1 

tpD 

CP to Ao -15 (AS = 12) 






1 

tPD 

CP to Ao -15 (AS = 13) 






1 

tpD 

CP to Ao -15 (AS = 14) 






1 

tpD 

CP to Ao -15 (AS = 15) 






2 

tPD 

Address Select to Ao -15 






3 

tpHZ 

OE to Ao -15 Disable Time 






4 

^PLZ 

OE to Ao -15 Disable Time 






5 

¥zh 

OE to Ao -15 Enable Time 






6 

tpZL 

OE to Ao -15 Enable Time 






7 

tpD 

CP to IT COMP 





Cl = 50pF 

8 

tPD 

CP to FFT COMP 





See Test 
Circuits 

9 

tpD 

CP to ODD/E^/ (KZ/KNZ) 





10 


Address Select to ODD/E^/ (KZ/KNZ) 






11 

ts 

Offset Address Input Ao -15 to CP Setup Time 






12 

tH 

Offset Address Input Ao -15 to CP Hold Time 






13 

ts 

Counter Instruction to CP Setup Time 






14 

tH 

Counter Instruction to CP Hold Time 






15 

ts 

Transform Length Select to CP Setup Time 






16 

tH 

Transform Length Select to CP Hold Time 






17 

ts 

Transforrri Length Select to TSTRB t Setup Time 






18 

tH 

Transform Length Select to TSTRB t Hold Time 






19 

ts 

TSEL (HIGH to LOW) to TSTRB f Setup Time 






20 

tH 

TSEL to TSTRB f Hold Time 






21 

ts 

RADIX 4/2 to CP Setup Time 






22 

tH 

RADIX 4/2 to CP Hold Time 






23 

ts 

RADIX 4/2, PSD, DIT/DIF to Wfm t Setup Time 






24 

tH 

RADIX 4/2, F^, DIT/DIF to ST^ f Hold Time 






25 

ts 

SEL (HIGH to LOW) to Sfm t 






26 

tH 

SEL Hold Time to sTM t 






27 

ts 

STRB or TSTRB to CP Setup Time 






28 

tpWSL 

Minimum Strobe Pulse Width LOW 






29 

tpWH 

CP Pulse Width HIGH 






JOJ 

tpWL 

CP Pulse Width LOW 
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Am29540 

3-STATE 

TIMING DIAGRAM 








Am29540 



TEST LOADS FOR DELAY MEASUREMENTS 


A. THREE-STATE OUTPUTS 


B. NORMAL OUTPUTS 



5.0 - Vbe - Vql 
lOL + Vol/IK 



5.0 - Vbe ~ Vql 
• oL + V 0 L/R 2 


Notes: 1. Cl = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 

2. Si, S 2 , S 3 are closed during function tests and all AC tests except output enable tests. 

3. Si and S 3 are closed while S 2 is open for tpzH test. 

S-i and S 2 are closed while S 3 is open for tpzL test. 

4. Cl = 5.0pF for output disable tests. 
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Am29540 DEFINITION OF FUNCTIONAL TERMS 

TLo, TLi Transform length control determines the 

TL 2 , TL 3 number of points to be transformed. (See 

Figure 1) 

TSEL, TSTRB Transform length latch enables. These active 
LOW inputs are ANDed to contro l the la tch. 
The latch is transparent when both TSEL and 
TSTRB are LOW. 

Counter Instruction inputs determine one of 
four available butterfly counter Instructions 
Hold, Reset, Reset/Load and Count. (See 
Figure 2) 

Butterfly counter clock (positive edge active). 

The Radix control determines whether ad¬ 
dresses will be generated for Radix-4 (HIGH) 
for Radix-2 (LOW) transforms. 

PSD The Pre-Scrambled Data, PSD, input Is used 

to select an appropriate transform for input 
data whi ch ha s previously been digit re¬ 
versed. PSD must be LOW for pre¬ 
scrambled input data. For in-place t rans- 
forms with normally ordered Input data, PSD 
should be HIGH. Refer to individual trans¬ 
form flow charts (p. to ) for other cases. 

DIT/DIF Control input for selection of the Decimation 

In Frequency algorithm (LOW) or Decimation 
In Time algorithm (HIGH). 


*0. h 


CP 

Radix 4/2 


SEL, STRB 


ASq, ASi, 
AS 2 , AS 3 
OE 


Transform type (Radix 4/2, PSD, DIF/T) latch 
enables. These active LOW Inputs are 
ANDed to control the latch . Th e latc h Is 
transparent when both SEL and STRB are 
LOW. 

Address Select control determines address 
selection. (See Figure 3) 

Three-state output enable. TJie 3-state out¬ 
put is controlled solely by OE. The output 
does not automatically become high imped¬ 
ance during the Reset/Load instruction. 


Ao-is Bidirectional 16-blt port to output selected 

Address Output addresses or to input an address offset. 

(offset input) 

ODD/^pi, For address select 0 to 11 the ODD/EVEN 
(KZ/KNZ) output controls the alternation of separate 

read and write memories for non-in-place 
trans forms. For Address select 12 to 15 KZ/ 
KNZ = (HIGH) Indicates that the rotational 
constant to be used in the RVI transform is 
wo and that an alternative butterfly must be 
implemented. 


FFT COMP FFT Complete = HIGH identifies the last 
butterfly (or end) of the transform. (See 
Figure 4) 


IT COMP Iteration Complete = HIGH flags the bottom 

of a “column” of butterflies. (See Figure 4.) 


2 

1 - 

TL 2 

TLi 

TLo 

Transform Length 

Radix*2 

Radix-4 

RVI 

L , 

L 

L 

L 

2 

4 

4 

L 

L 

L 

H 

4 

4 

8 

L 

L 

H 

L 

8 

16 

16 

L 

L 

H 

H 

16 

16 

32 

L 

H 

L 

L 

32 

64 

64 

L 

H 

L 

H 

64 

64 

128 

L 

H 

H 

L 

128 

256 

256 

L 

H 

H 

H 

256 

256 

512 

H 

L 

L 

L 

512 

1024 

1024 

H 

L 

L 

H 

1024 

1024 

2048 

H 

L 

H 

L 

2048 

4096 

4096 

H 

L 

H 

H 

4096 

4096 

8192 

H 

H 

L 

L 

8192 

16384 

16384 

H 

H 

L 

H 

16384 

16384 

32768 

H 

H 

H 

L 

32768 

65536 i 

65536 

H 

H 

H 

H 

65536 

65536 

Not Used 


Figure 1. Transform Length Control 
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H 

>0 

Counter Function 

L 

L 

Hold, No-Op 

L 

H 

Reset, Reset counter to start pf transform 
with unused address outputs set to 0. 

H 

L 

Reset/Load, Reset counter to start of transform 
with unused address outputs set to the current 
value of the address bus. 

H 

H 

Count, increment butterfly counter. 


Figure 2. Counter Instruction Controi 


AS = 

AS3 

AS 2 

ASi 

ASo 

Description 

Usage 

0 

L 

L 

L 

L 

Data Address 1 

Radix 2/4 

1 

L 

L 

L 

H 

Data Address 2 

Radix 2/4 

2 

L 

L 

H 

L 

Data Address 3 

Radix 4 

3 

L 

L 

H 

H 

Data Address 4 

Radix 4 

4 
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Figure 3. Address Seiect Control 
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METALLIZATION AND PAD LAYOUT 
Am29540 


CONNECTION DIAGRAM 
Top View 
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SEL 

STRB 

DIT/DiF 

RADIX 4/2 
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ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 


Am29540 
Order Number 

Package Type 

(Note 1) 

Operating Range 

(Note 2) 

Screening Level 

(Note 3) 

AM29540DC 

D-40-1 

C 

C-1 

AM29540DCB 

D-40-1 

C 

B-2 (Note 4) 

AM29540DM 

D-40-1 

M 

C-3 

AM29540DMB 

D-40-1 

M 

B-3 

AM29540LC 

L-44 

C 

C-1 

AM29540LM 

L-44 

M 

C-3 

AM29540LMB 

L-44 

M 

B-3 


Notes; 1. D = Hermetic DIP, L = Chip-Pak. Number following letter is number of leads. 

2. C = 0 to +70°C, Vcc = 4.75 to 5.25V, M = -55 to +125°C, Vcc = 4.50 to 5.50V. 

3. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to 
MIL-STD-883, Class B. 

4. 160 hour burn-in. 
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TRANSFORM CHARACTERISTICS 

TYPICAL BUTTERFLY 

• 16-Point (N = 16) 



• RADIX-2 

A •l 

M A' 

• DIF 



• Normally ordered output data 



(Bit-reversed input data order) 



• In-place 

B tr 

>• B 

• Complex valued input data 




FORWARD TRANSFORM 

INVERSE TRANSFORM 


A' = A + B 

A' = A + B 

j 

B' = (A - B)Wk 

B' = (A - B)W-k 


W = 

e-J> 


m ^2} 4| (m ^ si 



DIT/DIF 

PSD 

RADIX 4/2 

L 

L 

L 


Address of 

A 

B 

A' 

B 

Wk 

AS = 

0 

1 

0 

1 

8 


MPL-048 
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TRANSFORM CHARACTERISTICS 

TYPICAL BUTTERFLY 

• 16-Point (N = 16) 



• RADIX-2 

A 

• A' 

• DIF 



• Normally ordered input and output data 



(Non-bit-reversing) 



• Non-in-place 

B 

>• B' 

• Complex valued input data 




FORWARD TRANSFORM 

INVERSE TRANSFORM 


A' = A + B 

A' = A + B 


B' = (A - B)Wk 

B' = (A - B)W-'^ 


W = 

e-j’T 



DIT/DIF 

PSD 

RADIX 4/2 

L 


L 


Address of 

A 

B 

N 

B' 

Wk 

AS = 

0 

1 

4 


CO 


MPL-049 
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TRANSFORM CHARACTERISTICS 

\ 

• 16-Point (N = 16) 

• RADIX-2 

• DIT 

• Normally ordered input data 
(Bit-reversed output data order) 

• In-place 

• Complex valued input data 


TYPICAL BUTTERFLY 

A 

^ A' 

k 

<r 

B ^ 

>• B' 

FORWARD TRANSFORM 

INVERSE TRANSFORM 

A' = A + BWk 

A' = A + B\N~^ 

B' = A - BWk 

B' = A - BW-k 

W = 

e-j^ 


m^B} 







DIT/DIF 

PSD 

RADIX 4/2 

H 

H 

L 


Address of 

A 

B 

A' 

B' 

Wk 

AS = 

0 

1 

0 

1 

8 
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TRANSFORM CHARACTERISTICS 

TYPICAL BUTTERFLY 

• 16-Point (N = 16) 



• RADIX-2 

• DIT 

• Normally ordered input and output data 

A «L 

M A' 

(Non-bit-reversing) 



• Non-in-place 

• Complex valued input data 

B 

B' 


FORWARD TRANSFORM 

INVERSE TRANSFORM 


A' = A + 

A' = A + BW-k 


B' - A - BWk 

B' = A - BW-k 


W = 

e-j^ 





TRANSFORM CHARACTERISTICS 

• 16-Point (N = 16) 

• RADIX-4 

• DIF 

• Normally ordered input data 
(Digit-reversed output data order) 

• In-place 

• Complex valued input data 
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TRANSFORM CHARACTERISTICS 

TYPICAL BUTTERFLY 

• 16-Point (N = 16) 



• RADIX-4 



• DIF 



• Normally ordered input and output data 



(Non-digit reversing) 

c 

3k 

• Non-in-place 

D 


• Complex valued input data 




FORWARD TRANSFORM 

INVERSE TRANSFORM 


A' = A + B + C + D 

A' = A-fB-l-C-f-D 


B' = (A - jB - C + jD)Wk 

B' = (A + jB - C - jD)W-k 


C' = (A - B + C -D)W2k 

C' = (A - B + C - D)W-2k 


D' = (A + jB - C ~ jD)W3k 

D' = (A - jB - C + jD)W-3k 


W = 

e“j^ 


0 


2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 


Address of 

A 

B 

C 

D 

A' 


C' 

—-- 

D' 

Wk 

W2k 

W3k 

AS = 

0 

1 

2 

_1 

■ 3 ■ 

4 

5 

6 

7 

8 

9 

10 


MPL-053 



DIT/DIF 

PSD 

RADIX 4/2 

L 

H 

H 
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TRANSFORM CHARACTERISTICS 

TYPICAL BUTTERFLY 

• 16-Point (N = 16) 


• RADIX-4 


• DIT 


• Normally ordered input data 


(Digit-reversed output data order) 


• In-place 

D 

• Complex valued input data 


FORWARD TRANSFORM 

INVERSE TRANSFORM 

A' = A + BWk + CW2k + DW^k 

A' = A + BW-k + CW-2k + DW-3k 

B' = A - jBWk - CW2k + jQvy3k 

B' = A + jBW~k - CW-2k _ jDW-3k 

C' = A - BWk + CW2k - DW3k 

C' = A - BW-k + CW-2k ~ DW-3k 

D' = A + jBWk - CW2k - jDW3k 

D' = A - jBW-k - CW-2k + jDW-3k 


W = 


fH ^ 4| 



DIT/DIF 

PSD 

RADIX 4/2 

H 

H 

H 


Address of 

A 

B 

C 

D 

N 

B' 

- 1 

C' 

D' 

Wk 

W2k 

W3k 

AS = 

0 

1 

2 

3 

0 

1 

2 

3 

8 

9 

10 


MPL-054 
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TRANSFORM CHARACTERISTICS 

• 16-Point (N = 16) 

• RADIX-4 

A < 

TYPICAL BUTTERFLY 

1 A' 

• DIT 

B < 


» B' 

• Normally ordered output data 
(Digit-reversed input data order) 

C ' 


► C' 

• In-place 

• Complex valued input data 

D ' 


► D’ 


FORWARD TRANSFORM 

A' = A + BWk + CW2k + DW3k 
B' = A - jBWk - CW2k + jDW^k 
C' = A - BWk + CW2k - DW3k 
D' = A + jBWk - CW2k _ jQw3k 


INVERSE TRANSFORM 

A' = A + BW-k + CW-2k + DW'Sk 

B' = A + jBW-k - CW-2k - jDW-3k 

C' = A - BW-k + cW-2k _ DvV-3k 
D' = A - jBW-k _ cw-2k + joW'^k 

W = e~^ 


m == 4 | 



DIT/DIF 

PSD 

RADIX 4/2 

H 

L 

H 


Address of 

A 

B 

C 

D 

A' 

B' 

C' 

D' 

Wk 

W2I< 

WSk 

AS = 

0 

1 

2 

3 

0 

1 

2 

3 

8 

9 

10 


MPL-055 
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TRANSFORM CHARACTERISTICS 


TYPICAL BUTTERFLY 


• 16-Point (N = 16) 


• RADIX-4 

• DIT 

• Normally ordered input and output data 
(Non-digit reversing) 

• Non-in-place 

• Complex valued input data 



C' 


D' 


FORWARD TRANSFORM 

A' = A 4- BWk + CW2k + DW^k 
B' = A - jBWk - CW2k + jDW^k 
C' = A - BWk + CW2k - DW3k 
D' = A -F jBWk _ cw2k - jDW^k 


INVERSE TRANSFORM 

A' = A + BW-k -t- CW-2k + DW-^k 
B' = A -h jBW-k - CW-2k - jDW’^k 
C' = A - BW-k + CW-2k - OW'^k 
D' = A - jBW-k _ cw-2k + jDW-3k 

W = 



DIT/DIF 

PSD 

RADIX 4/2 

H 

L 

H 


Address of 

A 

B 

C 

D 

A' 

B' 

C' 

D' 

Wk 

W2k 

W3k 

AS = 

4 

5 

6 

7 

0 

1 

2 

3 

8 

9 

10 


MPL-056 
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TRANSFORM CHARACTERISTICS 

TYPICAL BUTTERFLY 

• 16-Point (N = 16) 



• RADIX-4 

A 

A' 

• DIF 

B 


• Normally ordered output data 
(Digit-reversed input data order) 


2k 

• In-place 

• Complex valued input data 


D 


FORWARD TRANSFORM 

INVERSE TRANSFORM 


A^ = A + B + C~l"D 

A^ = A4-B + C + D 


B' = (A - jB - C + jD)Wk 

B' = (A + jB - C - jD)W-'< 


C' = (A - B -h C - D)W2k 

C' = (A - B + C - D)W-2I‘ 


D' = (A + jB - C - jD)W3k 

D' = (A - JB - C + jD)W-3k 


W = 

e-i” 


CINI-41 



DIT/DIF 

PSD 

RADIX 4/2 

L 

L 

H 


Address of 

A 

B 

C 

D 

N 

B' 

C' 

D' 

Wk 

W2k 

W3k 

AS = 

0 

1 

2 

3 

0 

1 

2 

3 

8 

9 

10 


MPL-057 
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TRANSFORM CHARACTERISTICS 

• 16-Point (N = 16) 

• RADIX-2 

• DIT 

• Normally ordered input data 
(Unique output data order) 

• In-place 

• Real Valued Input (RVI) data 

• Forward transform 


im m ^ 4 | 



DIT/DIF 

PSD 

RADIX 4/2 

H 

H 

L 


Address of 

A 

B 

C 

D 

A' 

B' 

C' 

D' 

Wn^ 

AS = 

12 

13 

14 

15 

12 

13 

14 

15 

8 
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TYPICAL BUTTERFLIES 


KZ/KNZ = HIGH 
(k = 0) 



A' = Re[A + jB + (C + jD)W,5] 

B' = Im [A + jB (C + jD)W,5] 
C' = Re [A + jB - (C + jD)W,5] 
D' = Im [-A - jB + (C - jD)Wg] 


KZ/KNZ = LOW 
(k^ 0) 



A' = Re[A + jC + (B-hjD)W^] 
B' = Im [A + jC + (B + jD)W^] 
C' = Re[A + jC-(B-hjD)W^] 
D' = Im [-A -\C + {B + jD)W^] 


Wn = e iff 
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TRANSFORM CHARACTERISTICS 

• 16-Point (N = 16) 

• RADIX-2 

• DIF 

• Normally ordered output data 
(Unique input data order) 

• In-place 

• Real valued output data 

• Inverse transform 


TYPICAL BUTTERFLIES 


KZ/KNZ = HIGH 
(k = 0) 

A' 

B' 

C' 

D' 


KZ/KNZ = LOW 
(k^ 0) 




A' = Re [a -f- jB + C - jD] 

B' = Im [a + jB + C - jD] 

C' = Re[(A-^jB-C +jD)W,5] 
D' = lm[(A + jB-C+jD)W,5] 


A^ = Re [a + jB -f C — jD] 
B'=Re[(A-hjB-C + jD)Wk] 
C' = Im [a + jB + C - jD] 

D' = lm[(A + jB-C+jD)W^] 


P = 4| 





DIT/DIF 

PSD 

RADIX 4/2 

L 

L 

L 


Address of 

A 

B 

C 

D 

A' 

B' 

C' 

D' 

W,ij 

AS = 

12 

13 

14 

15 

12 

13J 

14 

15 

8 


MPL-059 
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TRANSFORM CHARACTERISTICS 

TYPICAL BUTTERFLY 

• 16-Point (N = 16) 



• RADIX-2 

• DIT 

• Normally ordered output data 

■> 

A' 

(Bit-reversed input data order) 



• In-place 

• Complex valued input data 


^ B' 


FORWARD TRANSFORM 

INVERSE TRANSFORM 


A' = A -h BWk 

A' = A -h BW-k 


B' = A - BWk 

B' = A - BW-k 


W = 

e-j^ 


m ^ 2i fiN ^ 4 | m ^ m 
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High Performance Bus 
Interface Family 
Standardizes Around 
Siim 24-Pin Package 


The Octal Explosion 


David A. Laws and Peter Alf ke 
Advanced Micro Devices, Inc. 

Sunnyvale, CA 

Most 1C desisners tend to focus their attention on ever 
more complex VLSI solutions to improve the package 
count, cost and reliability of microprocessor based 
systems. In many cases, however, greater impact could be 
achieved with much less effort by designing a more 
efficient bus interface. The last major innovation in this 
area was the advent of the popular 20-pin octal interface, 
which occurred not so coincidentally with the boom in 
8-bit microprocessor sales. 


The 20-pin package was ideal for 8-bit interface elements 
as it allowed for eight input lines, eight output lines, two 
control inputs, power supply and ground. Octal 
configurations of registers, latches and transceivers, 
appeared in Schottky, low-power Schottky and CMOS 
technologies from every major integrated circuit supplier, 
and as technology improved, a proliferation of polarity, 
pin rotation, high current drive and low power options 
became available to meet every conceivable 8-bit need. 


However, as the designers’ world became more complex, 
it became apparent that modular sizes larger than 8 bits 
were needed. For example, systems that use a parity check 
scheme need 9 bits for each byte, and if a clock line is 
added, a 10-bit part is needed. The 10-bit part also fits 
nicely with the 20-bit addressing schemes used with many 
16-bit microprocessors. 

A 9- or 10-bit function previously required the one octal 
and one 4-bit part, which left the designer with two 
packages and potential problems. Clearly, the answer was 
a new approach. 
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The 24-Pin Solution 


Two factors contributed to the 24-pin solution. First was 
the development of a more compact 24-pin packase. 

Until recently the only package available for this pin count 
was a 600-mil wide DIP. Now a slimline, 24-pin 300-mil 
wide package, called Thin-DIP by AMD, is entering 
production at a number of package manufacturers. 
Second, advanced Schottky technologies made it possible 
to pack increased functional complexity onto chips small 
enough to fit into the narrow cavities of these new 
packages. AMD calls its version of this process IMOX™, an 
acronym which means ion-implanted and oxide-isolated. 

The fabrication and packaging problems overcome, AMD 
proceeded to define a complete family of functions from 
the ground up. While the previous 20-pin octal interface 
devices had been a great improvement over their 
predecessors, the piecemeal approach to their 
conception had led to a bewildering array of inconsistent 
configurations. So before starting design on any one 
device, AMD applications engineers looked at all the 
essential interface functions required by a system. The 
result Is the new Am29800 series. 

The Am29800 family includes registers, latches, buffers and 
transceivers; most functions are supplied in 8- or 9- and 
10-bit wide configurations. De facto standards have 
determined that most systems are noninverting internally, 
while most bus configurations are inverting. To meet ail 
these needs, both inverting and noninverting versions of 
the Am29800 devices are available to the designer. 

Now that two-layer metal interconnect is an established 
manufacturing process, it is possible to give careful 
consideration to the physical location of input and output 
pins. All inputs on the new Am29800 family have been 
placed on one side of the package with corresponding 
outputs on the other, so data can flow in a direct physical 
path from the microprocessor CPU through the interface 
unit and onto the bus. This permits a much cleaner board 
layout. In addition, power supply, ground and control 
function pins are always in the same position. 

AMD also decided to standardize pinouts between logic 
functions. For example, all 10-bit elements, i.e., latches, 
registers or transceivers, have the same input and output 
pin assignment, as do ail 9- and 8-bit devices. 
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Electrical Performance 


Registers 


For many years, TTL devices, such as the ‘S240 series, 
employed PNP Inputs to achieve very low Input current 
characteristics. Unfortunately, while the DC Input current Is 
Indeed low, the dynamic performance of the device Is 
severely downsraded because of the larse capacitance 
associated with the PNPs. The Am29800 devices were 
designed with low capacitance loading at the Inputs 
and outputs. 

Most 1C data sheets specify AC performance at 15pF test 
conditions only. While this is adequate for general 
purpose logic applications, a realistic bus structure will 
typically see much higher loading, and all Am29800 series 
devices are designed to provide optimum performance 
under more realistic system conditions. Specified sink 
currents of 48mA over the commercial temperature 
operating range (0 to lOX) and 32mA over the military 
temperature range (-55 to H-125°C) ensure adequate 
capacitance drive and fan-out for bus systems. And since 
drivers must charge load capacitance In both falling and 
rising directions, source current is also fully characterized 
at both 2.0 and 2.4V. 


Critical AC specifications such as propagation delays and 
disable times for the three-state outputs are specified for 
300pF load conditions both at 25X and over the full 
operating temperature range and power supply 
tolerance; specific delays depend on the function being 
considered. Typical values for a D-type register at 50pF are 
6 to 7ns, comparable to those achieved with AS or FAST 
devices under the same conditions and an improvement 
over higher power Schottky products. At 350pF, loading 
delays Increase to the 12 to 14ns range. Simple buffers and 
Inverters exhibit typical values of 4ns. 
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The Am29821 -26 Bus Interface Registers are specifically 
designed to provide extra width for wide address or data 
paths and buses carrying parity. 

The Am29821 Is a 10-blt wide version of the popular 
374 8-blt register. It has ten Inputs, ten outputs, common 
buffered clock enable and three status Output Enable 
lines. The Inverting version, Am29822, Is comparable with 
the '534 8-blt device. 

The 9-bit registers, Am29823 and Am29824, give up one 
bit to gain two additional control lines which are used for 
Clock Enable (EN), and Clear (CLR). This combines ’273, 
’374 and ’377 functions In one single package. The extra 
pins available on the 8-blt parts, Am29825 and Am29826, 
provide gate output enable capability, which eliminates 
the need for external gate packages when used In DMA or 

Multibus® control applications. The Am29825 can also be 
used to Implement high source/sInk drive on the data port 
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Mctastabic Operation 


Other Functions 


for the AmZSOOO™ or 8086 16-bit CPUs. The registers can 
be controlled from WR and CS, can be cleared and can be 
disabled for DMA operations. The two 24-pin parts 
replace four of the earlier octal devices plus one gate 
package and system performance is improved up to three 
or four times because of the reduced number of gate 
delays and shprter wiring traces. 

The Am29800 Family registers provide an additional 
bonus; they recover extremely fast from a metastable 
condition. 

The metastable condition occurs in all flip-flops anytime 
the active clock edge interrogates the input at exactly the 
same time the input changes state. When this happens the 
cross coupled latch at the output can reach a balanced, 
symmetrical condition which it will hold for some 
microseconds or even miliiseconds before returning to its 
proper state. Previously, the designer of asynchronous 
system had only one remedy for the metastable problem. 
Two or even three synchronizer flip-flops could be 
cascaded. This reduced probability of a metastable output 
but increased throughput delay. 

The Am29800 registers, while not totally immune to this 
problem are “metastable hardened" by means of a unique 
circuit design that reduces both the probability and the 
delay of any metastable condition under test. Artificially 
induced, a metastable condition failed to produce any 
output oscillations and increased the clock-to-input delay 
by a mere 6ns. This is an improvement of many orders of 
magnitude over previously available designs. 

Other functions in the Am29800 family include latches, 
buffers and transceivers, comparators and special parity 
transceivers. 

The Am29841 through Am29846 latches follow the 
pattern as the registers. The 10-bit device is similar In 
function to the popular 'S373 octal latch; control lines 
available are latch enable (LE) and three-state output 
enable (OE). The noninverting device is analogous to the 
’533 element. The 9-bit latches add preset (PRE) and clear 
(CLR) and the 8-bit options have added gated output 
enable controls. 

Buffers and inverters, Am29827 and Am29828, are 10-bit 
wide high performance versions of the ’240 and ’244 
devices, while the transceivers emulate the ’245 and 
8304B octal elements. For improved operation in a noisy 
bus environment, all data inputs have 200mV minimum 
input hysteresis. 

IMOX is a trademark of Advanced Micro Devices, Inc. 

Multibus is a resistered trademark of Intel Corporation. 

Z8000 is a trademark of Zilos, Inc. 
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The Metastable Problem 


When Does This 
Cause A Problem? 


One problem faced by designers Is the interfacing of 
asynchronous digital signals. Although most difficulties 
can be overcome somewhat easily, there is also a 
more fundamental problem that defies a perfect 
solution. The following is a general overview of the 
metastable problem. 

Latches and flip-flops are normally considered bistable 
devices, since they have two unconditionally stable 
operating points, either HIGH or LOW. There is, however, 
a third operating point when the cross-coupled 
arrangement is exactly balanced. This operating point is 
stable only if there is no noise in the system and the system 
is perfectly balanced. The condition is called metastable 
(meta = Greek for “between”). A metastable condition 
will last only long enough for the circuit to fali into one of 
the two stable operating points. This time can be many 
microseconds, even milliseconds, for devices as fast as a 
74S74 flip-flop. In other words, if a flip-flop has reached 
the balanced, metastable condition, it may remain in this 
state for an undetermined time, perhaps 1000 times 
longer than its normal response speed. 


In almost every digital system certain asynchronous 
events (key-strokes, incoming data, interrupts), must be 
synchronized to the computer clock. The textbook 
solution is a fast, clocked flip-flop, like the 74S74, in which 
the asynchronous signal is applied to the D input and 
clocked with the system clock. This results in a perfectly 
synchronized output (usually). 

Let’s analyze the timing more carefully: the data sheet 
specified a setup time requirement (for this device, 
ts = 3ns). This means that any signal that arrives at least 
3ns before the clock edge will achieve the intended 
result, i.e., an H will set, an L will reset the flip-flop. Great 
for synchronous systems. But what happens when the 
asynchronous input violates this setup time requirement 
and changes less than 3ns before the clock edge? Well, 
most of the time nothing. The actual moment where 
the flip-flop samples the D input is somewhere in the 
guaranteed range, i.e., somewhere less than 3ns before 
the clock. So the flip-flop makes the decision. It either 
senses the change on the asynchronous input and 
therefore changes its Q output, or it ignores the change 
and doesn’t change the Q output. So the only thing lost is 
one clock cycle. Unfortunately that’s not always true. 
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It is Now Necessary to 
Look Beyond 
the Data Sheet 




If the D input changes exactly at the same moment that 
the flip-flop makes its decision, it might transfer exactly 
the amount of energy to kick the output latch into the 
metastable balanced condition, from which it will recover 
after an unpredictable delay (measured in nanoseconds, 
microseconds or even milliseconds). 

In other words: any latch, flip-flop or register has a 
“moment of truth” somewhere inside the guaranteed 
range of setup time where it actually makes up its mind, 
and if the input changes at that very moment, the output 
is no longer synchronous. This “moment of truth” is a 
very short window. For TTL flip-flops it is of the order 
of 10ps, for MOS devices it is more like 50ps to 100ps. 

For purposes of this discussion.this timing window 
will be called “t.” 

How often does this happen? 

Here are two extreme examples. In each case there 
is a need to synchronize asynchronous inputs that 
have no phase or frequency relationship with the 
computer clock. 

• Date signal derived from a disk, roughly 6MHz with 
enough frequency modulation and jitter to make it 
totally asynchronous to the 10MHz computer clock. 
How often will the TTL synchronizer go metastable? 

The answer is, every time the Data Signal falls into the 
“window.” The probability of hitting the window is 
t divided by the clock period, or even simpler: clock 
frequency times t. 

M = Metastable Rate 

fo = Device Frequency 

fc = Clock Frequency 

The synchronizer goes metastable 600 times 
per second* 

• Keyboard entry: one keystroke per second 
synchronized with a lOOKHz clock. 

M = Metastable Rate = 1Hz •lO^Hz -lOps = 10 "^hz 

The synchronizer goes rnetastable with a statistical 
probability of once per 106 sec, i.e., once every six 
weeks (assuming 5 eight-hour days/week). 


= fD*fc*t 

= 6MHz • 10MHz • lOps 
= 600Hz 
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In Conclusion: 


“Going mctastable” here means that the synchronizer 
output is within a mid-level or oscillation range for an 
unpredictable time. Most occurrences will last less than 
50ns, but may occasionally last much longer - perhaps 
many microseconds. This certainly can upset the 
timing chain. 

A metastable latch or flip-flop has an unpredictable delay 
and will therefore change its output at a time that differs 
from the value obtained from the worst case timing 
analysis. In a slow system this usually doesn’t matter, but 
In a fast system it can lead to a “crash.” 

The AMD Am29821 -26 registers have been 
“metastable-hardened” by means of a new circuit design 
approach. They show no oscillations and only a minimal 
increase in output delay when hit right in the window. 

Metastable operation is an inherent, so far Incurable 
disease of all asynchronous interfaces. Once understood, 
the problem can be handled by reducing its probability to 
an acceptable level. AMD’s Am29821-26 registers vastly 
minimize this problem. 
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29800 Design Guidelines 


The 29800 Family offers short delay and setup times, high 
drive capability (fan-out), and Ionv Input capacitance - 
attractive features for modern high performance TTL 
systems. 

As in any high speed bus interface (’S240 series, FAST or 
Advanced $chottky), high edge rates and high drive 
capability mean that a certain amount of care must be 
exercised in the design of both signal paths and the 
grounding system. Since every data path is really a 
transmission line, the relationships between loading, 
termination, noise margins and ringing must be given more 
than cursory consideration. 

Similarly, the grounding network may require either 
heavier busing or a grid approach depending on the 
number of drivers in a given area. 48mA per bit, plus the 
AC impact of charging bus lines can cause large ground 
currents. Distributed supply decoupling is required to 
provide local charging current for bus drive. 

Here are some general suggestions to minimize the 
potential for system induced grounding and noise 
problems. These suggestions, in conjunction with the 
designer's own practical experience handling similar 
problems with high performance S, AS or FAST logic 
families, will result in an optimum Am29800 design. 

• Minimize Crosstalk 

Provide Tight Ground 

- Use topside links to create a ground “grid" 

- In multi-layer boards use a ground plane 

- In flat cables make every other wire a ground 

- Minimize spacing between signal lines and ground 

- Maximize spacing between signal lines 

For backplane or wire-wrap systems use a twisted pair 
for sensitive functions - clock, asynchronous set/clear 
lines. 

Use of 4 layer boards is recommended. 

• Increase Decoupling 

Distribute System Capacitance 

- Provide one bypass cap close to each buffer 
package 

- Provide one bypass cap for every two logic 
packages 

Use High Frequency Capacitors 

- Take care in the selection of decoupling capacitor 
materials. Good choices include high frequency 
tantalum and ceramic types. 

- Do not use low frequency capacitors or aluminum 
elebtrolytics 

• Be Sure All Lines Are Terminated 
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Am29806/Am29809 

6-Bff Chip Select Decoder 
9-Blt Equahto Comparator 
ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 

• High-speed, expandable, 9-bit “equal-to” comparator 
(Am29809) 

• High-speed comparator with chip select decoder 
(Am29806) 

• Multibus™ compatible, open-collector acknowledge 
output 

• Internal pull-up resistors on all B inputs 

• Acknowledge timing control input 

• 24-pin, 0.3" space-saving package 

• Fully TTL-compatible inputs and outputs 

• IMOX™ high-performance IMplanted OXide 
isolated process 


Multibus is a trademark of Intel Corporation. 

IMOX is a trademark of Advanced Micro Devices, Inc. 


FUNCTIONAL DESCRIPTION 
Am29809 9-Bit Comparator 

The Am29809 is a 9-bit “equal-to” comparator. Its com¬ 
binatorial, active LOW output, Equt. respond to the combi¬ 
nation of a LOW input on the enable input G and a match 
between input words A and B. 

Am29806 Chip Seiect Decoder 

The Am29806 combines a 6-bit “equal-to” comparator with 
a 2- to 4-line decoder to select one-of-four active LOW chip 
select outputs. The selected output becomes active in re¬ 
sponse to the select inputs Sq, Si ^d is enabled by an active 
LOW input on the enable input G and a match between 
compar ator inp uts A and B. The active LOW output. Any 
Enable (ANYE), responds to a valid comparison of A and 
B and is intended for use as an output enable control for 
data path buffers associated with the selected peripheral 
or board. 

Both devices have open collector, activ^LOW acknowledge 
outputs with a conditional timing input C that may be driven 
by a timing circuit or wait state generator. The acknowledge 
output responds to a valid comparison, G = LOW and 
C = LOW. 

Both devices have internal pull-up resistors on the com¬ 
parator B-inputs for easy connection to SPST switches to 
ground selected input lines. The comparator function is 
described by: 

Eout = (Ao • Bo) (Ai . Bi)(A 2 • 82) . . . (Aj ‘ Bj) G 


BLOCK DIAGRAM 


Am29806 (6-Bit) 


Am29809 (9-Bit) 


G G 



ABL-034 


ABL-035 


This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you to 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 
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Am29806/809 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

GOM’L Ta = 0 to +70°C Vcc = 5.0V ±10% MIN = 4.50V MAX = 5.5 

MIL Tc = -55 to +125"C Vcc = 5.0V ±10% MIN = 4.50V MAX = 5.5 

DC CHARACTERISTICS OVER OPERATING RANGE 


Typ 

Parameters Description Test Conditions (Note i) Min (Note 2) Max Units 


VOH 

Output HIGH Voltage 
(Note 3) 

Vcc = min, 

V|N = V|H or V|L 

MIL Iqh = -2.0mA 

2.5 



Volts 

COML Iqh = -6.5mA 

2.7 



VoL 

Output LOW Voltage 

Vcc = MIN, 

V|N = V(H or V(L 

^ Iql = 32mA 



0.5 

Volts 

All Others Iql = 24mA 

V|H 

Input HIGH Level 

Guaranteed Input Logical HIGH 

Voltage for All Inputs 


2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed Input Logical LOW 

Voltage for All Inputs 




0.8 

Volts 

Vl 

Input Clamp Voltage 

Vcc = MIN, i|N = -18mA 




-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max, V|n = 0.4V 

Ai 



-0.4 

mA 

Bj 



-0.8 

All Others 



-0.8 

l|H 

Input HIGH Current 

Vcc = max, V|n = 2.7V 

Ai 



20 

/nA 

Bj (Note 5) 



-150 

All Others 



40 

l| 

Input HIGH Current 

Vcc = MAX, V|N = 5.5V 

Ai 



0.1 

mA 

Bi 



0.2 

All Others 



0.2 

•sc 

Output Short Circuit 
Current (Note 3,4) 

Vcc = max 


-60 


-150 

mA 

•cc 

Power Supply Current 
(Note 6) 

Vcc = max 

Am29806 

0 to 70°C 




mA 

+70°C 




-55 to +125°C 



54 

+125°C 




Am29809 

0 to 70°C 




+70°C 




-55 to +125°C 



63 

±125°C 





Notes: 1. For conditions shown as MIN or MAX, use the applicable value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0V, 25°C ambient and maximum loading. 

3. Except open-collector acknowledge output. 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Due to internal pull-up resistor; 27X0 nominal. 

6. 29806; Worst-case is with ail in^ts I^W. 

29809: Worst-case is with A = G = C = HIGH; B = LOW. 


MAXIMUM RATINGS (Above which the useful life may be Impaired) 


Storage Temperature 

-65 to +150*^C 

Temperature (Ambient) Under Bias 

-55to+125°C 

Supply Voltage to Ground Potential Conditions 

-0.5 to +7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5V to +Vcc IMax 

DC Input Voltage (Note 7) 

-0.5 to +5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

-30 to +5.0mA 


Note: 7. Bj input voltage must not exceed Vcc- 
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Am29806/809 


Am29806 

SWITCHING CHARACTERISTICS 

(Ta=+25°C,Vcc = 5.0V) 

Parameters Description Test Conditions (See Figure 2) Min Typ Max Units 


tPLH 

Aj or Bj to Ej and ANYE 

Cl = 50pF 

Rl= 1KD 




ns 

tPHL 




tPLH 

GtoEiandANYE 




ns 

tPHL 




tpLH (Note 1) 

Cto^ 

li II 




ns 

tPHL 




tpLH(Notel) 

Gto^ 




ns 

tpHL 




tPLH 

Sj to Ej (Two-Level Delay) 

Cl = 50pF 

Rl = IKO 




ns 

tpHL 




tpLH 

Sj to Ej (Three-Level Delay) 




ns 

tPHL 





1 _ 





ns 






Am29806 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 


Test Conditions 

Parameters Description (See Figure 2) 

COM’L 

MIL 

Units 

TA = 0to+7(rC 
Vcc = 5.0V ±10% 

Ta= -55to-l-125‘’C 
Vcc = 50V ±10% 

Min 

Max 

Min 

Max 

tPLH 

Aj or Bj to Ej and ANYE 

Cl = 50pF 

Rl = iKa 






tPHL 

tPLH 

Gtoijand ANYE 






tpHL 

tpLH(N0te 1) 

Cto^ 

Cl=50pF 

Rl = 375a 


■ 




tPHL 

tpLH(Notel) 

Gto^ 






tpHL 

tPLH 

Sj to Ej (Two-Level Delay) 

Cl = 50pF 

Rl = iKn 






tpHL 

^PLH 

Sj to Ej (Three-Level Delay) 






tpHL 



































ns 



Note: 1. This propagation time is dependent on the Rq time constant of the external load applied. 
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Am29806/809 

Am29809 

SWITCHiNG CHARACTERISTICS 

(Ta=+25°C,Vcc = 5.0V) 

Parameters Description Test Conditions (See Figure 2) Min Typ Max Units 


tpLH 

Aj or Bj to EouT 

Cl = 50pF 

Rl^iko 




ns 

tpHL 




tPLH 

G to Equt 




ns 

tpHL 




tpLH(Notel) 

Cto^ 

II II 




ns 

tpHL 




tpLH (Note 1) 

GtoACK 




ns 

tPHL 










ns 











ns 








\ 



ns 






Am29809 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 


Test Conditions 

Parameters Description (See Figure 2) 

COM’L 

MIL 

Units 

TA = 0to-P70“C 
Vcc = 5.0V ±10% 

TA = -55to+126X 

Vcc = 5.0V ± 10 % 

Min 

Max 

Min 

Max 

tPLH 

Aj or Bj to EoUT 

Cl = 50pF 

RL=1Kft 





ns 

tpHL 

tPLH 

G to Equt 





ns 

fPHL 

tpLH (Notel) 

Cto/^ 

Cl = 50pF 

Rl = 375ft 





ns 

tPHL 

tpLH (Note 1) 

GtoA^ 





ns 

IPHL 








ns 






' 



ns 









ns 









ns 









ns 



Note; 1. This propagation time is dependent on the Rc time constant of the external load applied. 
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Am29806/809 


DEFINITION OF FUNCTIONAL TERMS 

A|, B| 


ACK 


ANYE 

(Am29866) 


Comparator data inputs. Each Aj is compared 
with each Bj on a bit basis. The comparator 
output is valid when ail Aj bits match all Bj bits. 

Active LOW open collector acknowledge out¬ 
put. This output acknowledges memc^ or I/O 
transfers when A and B match and C and G 
are LOW. 


Equt Active LOW output. The comparator output is 

(Am29809) active for G = LOW and a match between A 

and B. 

G Active LOW input. The comparator’s input en¬ 

able determines if the comparator’s output is 
valid. G is normally used as an e xpansion input 
(connected to Am29809 Equt)- 


Active LOWjDutput. Any Enable (ANYE) is 
LOW when G = LOW and there is a match 
between A and B. 

Active LOW input. This input is used to control 
when ACK is active. It will normally be con¬ 
nected to GND when no wait states or timing 
delays need to be inserted. It may be con¬ 
nected to a wait state generator or timer. 


Am29806 Only 
Si, So 

Eo, Et, E 2 , E 3 


Decoder select Inputs. These inputs are de¬ 
coded to produce a 1-of-4 selection of the 
Ej outputs. 

Active LOW outputs. 1-of-4 outputs is active 
as selected by Si and Sq. 


CONNECTION DIAGRAMS 


Am29806 


Am29809 


gC 

1* 

24 

d Vcc 

Gd 

“5 d/” 

24 

d Vcc 

Aq 

2 

23 

1 ®0 

Ao 

2 

23 

dBo 

Aid 

3 

22 

Z]Si 

Aid 

3 

22 

dBl 

Aad 

4 

21 

! ^2 

A2d 

4 

21 

I B2 

AaCZ 

5 

20 

1 ®3 

Aad 

5 

20 

dB3 

A4 

6 

Am29806 

19 

Z]S4 

A4 [^2 

6 

Am29809 

19 

dB4 

A5[Z 

7 

18 

d]B5 

Asd 

7 

18 

dBs 

So 1 

8 

17 

dJi-o 

Aed 

8 

17 

dBe 

Sid 

9 

16 

dEl 

'^rd 

9 

16 

dB7 

Cd 

10 

15 

dlE2 


10 

15 

dBa 

^ d 

11 

14 

□ ^3 

d 

11 

14 

dc 

GND d 

12 

13 

d ANYE 

GND d 

12 

13 

-J 

I Bout 



Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 


Am29806 


Am29809 


J_L 



Aq A.( A2 A3 A4 A5 Bq B2 B3 B4 B5 


Aq Ai A2 A3 A4 A5 Ag A7 Ag Ag Bq Bi B2 B3 B4 Bg Bg B7 Bg 

— 

G 

- So - 

G 

— 

C 

— S, — 

C 


Eq E4 12 13 ANTE ACK 


Eg ACK 
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Am29806/809 


DECODER FUNCTION TABLE ACKNOWLEDGE FUNCTION TABLE 


ANYE OR EouT 

c 

A^ 

H 

X 

H 

X 

H 

H 

^ 1 

L 

L 


ANYE 

So 

Si 

Eo 

El 

E2 

E3 

H 

X 

X 

H 

H 

H 

H 


L 

L 

L 

H 

H 

H 

1 ! 

L 

H i 

H 

L 

H 

H 

L. 

H 

L 

H 

H 

L 

H 

1 

H 

H 1 

H 

H 

Lii_ 

L 


COMPARATOR FUNCTION TABLE 


G 

A 

B 

Eout or ANYE 

H 

. X 

X 

H 

L 

> 

11 

1 00 

L 


A = 5 ^ B 

H 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


SCHOTTKY 



ABL-040 


C] = 5.0pF, all inputs 
R-l * - 27K nominal 
R 2 = 10K nominal 

*Used only on Bj inputs. 



Figure 1. ablo4i 


Normal Output 


LOAD TEST CIRCUIT 


Open-Collector Output 



TEST 

POINT 


+7V 



TEST 

POINT 


ABL-042 


ABL-043 


Note: Cl includes scope probe, wiring and stray capacitances without device in test fixture. 

Figure 2, 





Am29818 

SSR™ Diagnostics/WCS Pipeline Register 
ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


GENERAL DESCRIPTION 


• High-speed noninverting 8-bit parallel register for any 
data path or pipelining application 

• High-speed 8-bit “shadow register” with serial shift 
mode for Serial Shadow Register (SSR) Diagnostics 

- Controllability; serial scan in new machine state 

- Observability: serial scan out diagnostics 
routine results 

• WCS (Writable Control Store) pipeline register 

- Load WCS from serial register 

- Read WCS via serial scan 

• IMOX^“ high performance IMplanted OXide 
isolated process 

• 24-pin, 0.3" space saving package 

• Alternate sourced as SN54/74S818 


CONNECTION DIAGRAM 



Vcc 

MODE 

Yo 

Yl 

Y 2 

Y3 

Y4 

Y5 

Ye 

Yy 

SDO 

PCLK 


ABL-013 


Leadless Chip Carrier 
L-28-1 



The Am29818 is a high-speed, general-purpose pipeline 
register with an on-board shadow register for performing 
Serial Shadow Register (SSR) Diagnostics and/or Writable 
Control Store loading. 

The D-to-Y path provides an 8-bit parallel data path 
pipeline register ior normal system operation. The shadow 
register can load parallel data to or from the pipeline regis¬ 
ter and can output data through the D input port (as in WCS 
loading). 

The 8-bit shadow register has multiplexer inputs that select 
parallel inputs from the Y-port or adjacent bits in the 
shadow register to operate as a right-shift-only shift regis¬ 
ter. This register can then participate in a serial loop 
throughout the system where normal data, address, status 
and control registers are replaced with Am29818 Diagnostic 
Pipeline Registers. The loop can be used to scan in a com¬ 
plete test routine starting point (data, address, etc.). Then 
after a specified number of machine cycles scan out the 
results to be inspected for the expected results. WCS load¬ 
ing can be accomplished using the same technique. An 
instruction word can be serially shifted into the shadow 
register and written into the WCS RAM by enabling the 
D output. 


BLOCK DIAGRAM 



ABL-014 


IMOX and SSR are trademarks of Advanced Micro Devices, Inc. 

This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you to 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 
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Am29818 

ELECTRICAL CHARACTERISTICS 

The following conditions apply unless otherwise specified: 

COM’L Ta = 0 to +70°C Vcc = 5.0V ±10% (MIN - 4.50V, MAX = 5.50V) 

MIL Tc = -55 to + t25"C Vcc = 5.0V ± 10% (MIN = 4.50V, MAX = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 


Typ 

Parameters Description Test Conditions (Note 1 ) Min (Note 2 ) Max Units 


VOH 

Output HIGH Voltage 

Vcc = min, 

V|N = V|H or V|L 

Y 0 -Y 7 : loH = -3mA 

Dq—D 7 , SDO; Iqh — —1mA 

2.4 



Volts 

VoL 

Output LOW Voltage 

Vcc = min, 

V|N = V|HOrV|L 

Y 0 -Y 7 : Iql = 16mA 

Dq—D 7 , SDO: Iql — 4mA 



0.5 

Volts 

VlH 

Input HIGH Level 

Guaranteed Input Logical HIGH Voltage for all Inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed Input Logical LOW Voltage for all Inputs 

■ 


0.8 

Volts 

-V| 

Input Clamp Voltage 

Vcc = min, I|n = -18mA 




- 1.2 

Volts 

, 

l|L 

Input LOW Current 

Vcc = max, V|n = 0.5V 

PCLK 



- 2.0 

mA 

DCLK 



- 0.6 

MODE, SDI, OEY 



-0.4 

Y 0 -Y 7 .D 0 -D 7 



-0.45 


Input HIGH Current 

Vcc = max, Vjn = 2.4V 

DCLK, OEY, MODE, SDI 



50 

fxk 

PCLK,Yo-Y7.Do-D7 


’ 

100 

«! 

Input HIGH Current 

Vcc = max, V|n = 5.5V 




1.0 

mA 

•o 

Off-State (High-Impedance) 
Output Current 

Vcc = max 

Vq = 0.5V 



-450 

jxk 

Vq = 2.4V 


i 

1 

100 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = MAX 

Y 0 -Y 7 

-30 


-100 

mA 

Dq—D 7 , SDO 

-15 


-50 

•cc 

Power Supply Current 
(Note 4) 

Vcc = max 

0 to +70°C 


120 

155 

mA 

+70°C 



140 

-55to+125°C 


120 

165 

+ 125°C 



130 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. All three-state outputs are in the HIGH impedance state. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65to+150°C 

Temperature (Ambient) under Bias 

-55to+125X 

Supply Voltage to Ground Potential Continuous 

-0.5 to +7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5 to +Vcc max 

DC Input Voltage 

-0.5to+5.5V 

DC Output Current, into Outputs 

25mA 

DC Input Current 

-30 to + 5.0mA 
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Am29818 

Am29818 

SWITCHING CHARACTERISTICS 




Ja=^+25^C 

Vcc = sov 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 


PCLK-^ Yx 



10 

12 

ns 

tpD 

MODE^ SDO 



10 

14 

ns 

SDI^SDO 



10 

14 

ns 


DCLK-^SDO 



17 

22 

ns 


Dx-> PCLK 


8 



ns 


MODE-> PCLK 


12 



ns 


Yx-^ DCLK 


5 



ns 

's 

MODE-^ DCLK 


10 



ns 


SDI-^ DCLK 

.. 


10 



ns 


DCLK-^ PCLK 


12 



ns 


DCLK-» DCLK 


35 



ns 


Dx^PCLK 

See Test 

0 



ns 


MODE-* PCLK 

Output Load 
Conditions 

0 



ns 

tH 

Yx-^ DCLK 


5 



ns 


MODEDCLK 


0 



ns 


SDI -> DCLK 

■ 


0 



ns 

^LZ 

OEY^ Yx 




12 

ns 

DCLK^Dx 




35 

ns 

^HZ 

OEY-^ Yx 




22 

ns 

DCLK-^ Dx 




80 

ns 

tZL 

OEY-^Yx 


i 

,, , 

15 

ns 

DCLK-*Dx 




25 

ns 

tZH 

OEY-^Yx 


■ 


15 

ns 

DCLK-^Dx 




20 

ns 

ipw 

PCLK (HIGH and LOW) 


15 



ns 

DCLK (HIGH and LOW) 


25 

_1 



ns 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range and screening level. 


Order Number 

Package Type 

(Note 1) 

Operating Range 

(Note 2) 

Screening Level 

(Note 3) 

AM29818DC 

D-24-SLIM 

C 

C-1 

AM29818DC-B 

D-24-SL1M 

C 

B-2(Note4) 

AM29818DM 

D-24-SLIM 

M 

C-3 

AM29818DM-B 

D-24.SLIM 

M 

B-3 

AM29818LC 

L-28-1 

C 

C-1 

AM29818LC-B 

L-28-1 

C 

B-2 (Note 4) 

AM29818LM 

L-28-1 

M 

C-3 

AM29818LM-B 

L-28-1 

M 

B-3 

AM29818XC 

Dice 

C 

) Visual inspection 

AM29818XM 

Dice 

M 

1 to MIL-STD-883. 

) Method 2010B. 


Notes; 1. D = Hermetic DIP, L = Chip-Pak, Number following letter is number of leads. 

2. C = 0 to +70°C, Vcc = 4.5 to 5.5V, M = -55 to + 125“C, Vcc = 4.50 to 5.50V. 

3. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STO-883, Class B. 

4. 160 hour burn-in. 
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TEST OUTPUT LOAD CONFIGURATIONS FOR Am29818 


SDO OUTPUT 


THREE-STATE OUTPUTS 


Vcc 


FROM OUTPUT 
UNDER TEST 




Note 1. Cl = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 


SET UP, HOLD, AND RELEASE TIMES 


PULSE WIDTH 


DATA 

INPUT 


TIMING 

INPUT 


vmm 



3V 

LOW HIGH-LOW 

PULSE 

1.5V 


OV 


3V 

HIGH-LOW-HIGH 

PULSE 

1.5V 


OV 



J 

K N 


7 

r ^ 

k 


1^1 -tpw- ^ 



L 

/ 


k 7 



ABL-017 


ABL-018 


Notes; 1. Diagram shown for HIGH data only. Output transition may 
be opposite sense. 

2 . Cross hatched area is don’t care condition. 


ENABLE AND DISABLE TIMES 
Enable Disable 


PROPAGATION DELAY 




Notes: 1. Diagram shown for Input Control Enable-LOW and Input Con¬ 
trol Disable-HIGH. 

2. $1 and S 2 of Load Circuit are closed except where shown. 


ABL-019 


Note: 1. Pulse Generator for All Pulses: Rate ss 1.0MHz; Zq = 500; V ^ 2.5ns; tf s; 2.5ns. 
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BLOCK DIAGRAM 



DEFINITION OF FUNCTIONAL TERMS 

07 -Do Parallel data input to the pipeline register or.parallel 
data output from the shadow register (see Function 
Table for control modes). 

DCLK Diagnostics/WCS clock for loading shadow register 
(serial or parallel modes ~ see Function Table). 

MODE Control input for pipeline register multiplexer and 
shadow register control (see Function Table). 

OEY Active LOW output enable for Y- port. 

PCLK Pipeline register clock Input loads D-port or shadow 
register contents on LOW-to-HIGH transition. 

SDI Serial Data Input to shadow register. 

(See Function T able.) 

SDO Serial Data Output from shadow register. 

Y 7 -Y 0 Data Outputs from the pipeline register and parallel 
inputs to the shadow register. 


SHADOW REGISTER 

Yo V, Y2 ' Y^ 



So S, S 2 S 7 ABL-026 


Am29818 FUNCTION TABLE DESCRIPTION 

Data transfers into the shadow register occur on the LOW-to- 
HIGH transition of DCLK. MODE and SDI determines what data 
source will be loaded. The pipeline register is loaded on the 
LOW-to-HIGH transition of PCLK. MODE selects whether the 


data source is the data input or the shadow register output. 
Because of the independence of the clock inputs data can be 
shifted in the shadow register via DCLK and loaded into the 
pipeline register from the data input via PCLK simultaneously. 
As long as no set-up or hold times are violate(;i, this simultane¬ 
ous operation is legal. 


Inputs 

Outputs 

Operation 

SDI 

MODE 

DCLK 

PCLK 

SDO 

Shadow 

Register 

Pipeline 

Register 

X 

L 

t 

X 

s? 

Si ^ Si -1 
So ^ SDI 

NA 

Serial Shift; D 7 - Dp Disabled 

X 

L 

X 

t 

S7 

NA 

Pi^Dj 

Normal Load Pipeline Register 

L 

H 

T 

X 

L 

Si-Y| 

NA 

Load Shadow Register from Y; D 7 - Dq Disabled 

X 

H 

X 

T 

SDI 

NA 

Pi-Si 

Load Pipeline Register from Shadow Register 

H 

H 

T 

X 

H 

Hold 

NA 

Hold Shadow Register; D 7 - Dq Enabled 


FUNCTION TABLE DEFINITIONS 


OUTPUTS 


INPUTS 

H = HIGH 
L = LOW 
X = Don’t Care 
I = LOW-to-HIGH transition 


S 7 -S 0 = Shadow Register outputs 
P 7 -P 0 = Pipeline Register outputs 
D 7 -D 0 = Data I/O port 
Y 7 -Y 0 = Y I/O port 

NA = Not applicable: output is not a function of the 
specified input combinations. 
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AN INTRODUCTION TO SERIAL SHADOW REGISTER (SSR) DIAGNOSTICS 


DIAGNOSTICS 

A diagnostics capability provides the necessary functionality as 
well as a systematic method for detecting and pin-pointing 
hardware related failures in a system. This capability must be 
able to both observe intermediate test points and control inter¬ 
mediate signals - address, data, control and status - to exer¬ 
cise all portions of the system under test. These two capabilities, 
observability and controllability, provide the ability to establish a 
desired set of input conditions and state register values, sample 
the necessary outputs, arid determine whether the system is 
functioning correctly. 

TESTING COMBINATIONAL 
AND SEQUENTIAL NETWORKS 

The problem of testing a combinational logic network is well 
understood (Figure 1). Sets of input signals (test vectors) are 
applied to the network and the network outputs are compared to 
the set of computed outputs (result vectors). In some cases sets 
of test yebtors and result vectors can be generated in a 
computer-aided environment, minimizing engineering effort. 
Additionally, fault coverage analysis can be automated to pro¬ 
vide a measure of how efficient a set of test vectors is at pin¬ 
pointing hardware failures. For example, a popular measure of 
fault coverage computes the percentage of stuck-at-ones 
(nodes with outputs always HIGH) and stuck-at-zeros (nodes 
with outputs always LOW) a given set of test vectors will 
discover. 


A sequential network (Figure 2) is much more difficult to test 
systematically. The outputs of a sequential network depend not 
only on the present inputs but also on the internal state of the 
network. Initializing the internal state register to the value 
necessary to test a given set of inputs is difficult atJjest, and not 
easily automated. Additionally, observing the internal state of a 
sequential network can be very difficult and time consuming if 
the state Information is not directly available. For example, con¬ 
sider the problem of determining the value of an Internal 16-bit 
counter if only a carry-out signal is available. The counter must 
be clocked until it reaches the carry-out state and the starting 
value computed. Up to 65,535 clock cycles may be necessary! 
An easier method must exist. Serial Shadow Register diagnos¬ 
tics provides this method. 

SERIAL SHADOW REGISTER DIAGNOSTICS 

Serial Shadow Register diagnostics provides sufficient observa¬ 
bility and controllability to turn any sequential network into a 
combinational network. This is accomplished by providing the 
means to both initialize (control) and sample (observe) the state 
elements of a sequential network. Figure 3 shows the method by 
which serial shadow register diagnostics accomplishes these 
two functions. 

Serial Shadow Register diagnostics utilizes an extra multiplexer 
on the input of each state register and a duplicate or shadow of 
each state flip/flop in an additional register. The shadow register 
can be loaded serially via the serial data input (thus the name 


Figure 1. 


INPUTS 



COMBINATORIAL 



LOGIC 



OUTPUTS 


ABL-027 


Figure 2. 



OUTPUTS 


STATE 

OUTPUTS 


ABL-028 
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Figure 3. 



OUTPUTS 

STATE 

OUTPUTS 


INTERNAL 

STATES 


SOI 


ABL-029 


Figure 4. 



OUTPUTS 


STATE 

OUTPUTS 


ABL-030 


Serial Shadow Register diagnostics) for controllability. Once the 
desired state information is loaded into the serial register it can 
be transferred into the internal state register by selecting the 
multiplexer and clocking the state register with PICK. This al¬ 
lows any internal state to be set to a desired state in a simple, 
quick, and systematic manner. 

Internal state information can be sampled by loading the serial 
register from the state register outputs. This state information 
can then be shifted out via the serial data output to provide 
observability. Notice that the serial data inputs and outputs can 


be cascaded to make long chains of state information available 
on a minimum number of connections. 

In effect, Serial Shadow Register diagnostics breaks the normal 
feedback path of the sequential network and establishes a logi¬ 
cal path with which inputs can be defined and outputs sampled 
(Figure 4). This means that those techniques which have been 
developed to test combinational networks can be applied to any 
sequential network in which Serial Shadow Register diagnostics 
is utilized. 
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A TYPICAL COMPUTER ARCHITECTURE WITH 
SSR DIAGNOSTICS 

When normal pipeline registers are replaced by SSR diagnos¬ 
tics pipeline registers system debug and diagnostics are easily 
implemented. State Information which was inaccessible is now 
both observable and controllable. Figure 5 shows a typical com¬ 
puter system using the Am29818. 

Serial paths have been added to all the important state registers 
(macro instruction, data, status, address, and micro instruction 
registers). This extra path will make it easier to diagnose system 
failures by breaking the feed-back paths and turning sequential 
state machines into combinatorial logic blocks. For example, the 


status outputs of the ALU may be checked by loading the micro 
Instruction register with the necessary micro instruction. The 
desired ALU function is then executed and the status outputs 
captured in the status register. The status bits can then be se¬ 
rially shifted out and checked for validity. 

A single diagnostic loop was shown in Figure 5 for simplicity, but 
several loops can be employed in more complicated systems to 
reduce scan time. Additionally, the Am29818's can be used to 
sample intermediate test points not associated with normal state 
information. These additional test points can further ease diag¬ 
nostics, testability and debug. 


Figure 5. Typical System Configuration 



SSR DIAGNOSTICS/WCS PIPELINE REGISTERS 
REPLACE NORMAL REGISTERS WITH DIAGNOSTICS LOOP 


ABL-031 
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USE OF THE Am29818 PIPELINE REGISTER IN 
WRITABLE CONTROL STORE (WCS) DESIGNS 

The Am29818 SSR diagnostics/WCS Pipeline Register was de¬ 
signed specifically to support writable control store designs. In 
the past, designers of WCS based systems needed to use an 
excessive amount of support circuitry to implement a WCS. As 
shown in Figure 7 additional input and output buffers are neces¬ 
sary to provide paths from the parallel input data bus to the 
memory, and from the instruction register to the output data bus. 
The input port is necessary to write data to the control store, 
initializing the micromemory. The output port provides the ac¬ 
cess to the instruction register, indirectly allowing the RAM to be 
read. Additionally, access to the instruction register is useful 
during system debugging and system diagnostics. 

The Am29818 supports all of the above operations (and more) 
without any support circuitry. Figure 6 shows a typical WCS 


design with the Am29818. Access to memory is now possible 
over the serial diagnostics port. The instruction register contents 
may be read by serially shifting the information out on the diag¬ 
nostics port. Additionally, the instruction register may be written 
from the serial port via the shadow register. This simplifies sys¬ 
tem debug and diagnostics operations considerably. 


CONCLUSION 

Serial Shadow Register diagnostics provides the observability 
and controllability necessary to take any sequential network and 
turn it into a combinational network. This provides a method for 
pin-pointing digital system hardware failures in a systematic and 
well understood fashion. 


Figure 6. Am29818 Based WCS Application. 


MICROPROGRAM ADDRESS 


SERIAL 
DATA INPUT 

DCLK 

PCLK 



SERIAL 
DATA OUTPUT 


MICROINSTRUCTION OUTPUTS 


ABL-032 
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Am29821/822 • Am29823/824 • 
Am29825/826 

High Performance Bus Interface Registers 


DISTINCTIVE CHARACTERISTICS 

• High-speed parallel registers with positive 
edge-triggered D-type flip-flops 

- Noninverting CP-Y tpo = 7.5ns typ 

- Inverting CP-Y tpp = 7.5ns typ 

• Buffered common Clock Enable (EN) _ 

• Buffered common asynchronous Clear input (CLR) 

• Three-state outputs glitch free during power-up and 
down 

• Outputs have Schottky clamp to ground 

• 48mA Commercial Iql. 32mA MIL Iql 

• Low Input/output capacitance 

- 6pF inputs (typical) 

- 8pF outputs (typical) 

• Metastable “Hardened” Registers 

• •oh specified at 2.0V and 2.4V 

• 24-pin 0.3" space saving package 

• IMOX™ high performance jMplanted OXide isolated 
process 


FUNCTIONAL DESCRIPTION 

The Am29820 Series bus interface registers are designed to 
eliminate the extra packages required to buffer existing reg¬ 
isters and provide extra data width for wider address/data 
paths or buses carrying parity. The Am29821 and Am29822 
are buffered, 10-bit wide versions of the popular ’374/’534 
functions. The Am29823 and Am29824 are 9-bit wide b uf- 
fered registers with Clock Enable (EN) and Clear (CLR) - 
ideal for parity bus interfacing in high performance micro¬ 
programmed systems. The Am29825 and Am29826 are 
8 -bit buffered registers with all the ’823/4 controls plus multi¬ 
ple enables (OEi^OE 2 , OE 3 ) to al low m ultiuser control of the 
interface, e.g., CS, DMA, and RD/WR. They are ideal for use 
as an output port requiring high Iql/Ioh- 

All of the Am29800 high performance interface family are 
designed for high capacitance load drive capability while 
providing low capacitance bus loading at both inputs and 
outputs. All inputs are Schottky diode inputs, and all outputs 
are designed for low capacitance bus loading in the high 
impedance state. 



Device 


10>Bit 

9-Bit 

8-Bit 

Noninverting 

Am29821 

Am29823 

Am29825 

Inverting 

Am29822 

Am29824 

Am29826 


LOGIC DIAGRAM 


CLOCK 

ENABLE 



Yo Y, Y2 Y3 Y4 Y„_i Y„ 


LBI-001 


IMOX is a trademark of Advanced Micro Devices, Inc. 
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ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM’L Ta = 0 to +70°C Vcc = 5.0V ±10% MIN = 4.50V MAX = 5.50V 

MIL Tc = -55 to +125°C Vqc = 5.0V ±10% MIN = 4.50V MAX = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 


Typ 

Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units 


VOH 

Output HIGH Voltage 

Vcc = MIN 

V|N = ViH orViL 

•oh = -15mA 

2.4 

3.3 


Volts 

•oh = -24mA 

2.0 

3.1 


VoL 

Output LOW Voltage 

Vcc = min 

V|N = V|H orViL 

MIL, Iql = 32mA 


0.31 

0.5 

Volts 

COM’L, Iql = 48mA 


0.38 

0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min, •iN = -18mA 


-0.7 

-1.2 

Volts 

l|L 

Input LOW Current 

Vcc = max, V|n = 0.4V 

Data, CLR 


-0.3 

-1.0 

mA 

OE, EN, CP 


-1.2 

-2.0 

mA 

•iH 

Input HIGH Current 

Vcc = max, V|n = 2.7V 



50 

fjbA 

l| 

Input HIGH Current 

Vcc = max. V|n = 5.5V 



1.0 

mA 

Iqz 

Output Off-state (High Impedance) 
Output Current 

Vcc = max 

Vq = 0.4V 



-50 

/LtA 

Vo = 2.4V 



50' 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

-75 

-160 

-250 

mA 

•cc 

Supply Current (Note 4) 

Vcc = max 
O utputs Open 

EN = LOW 

Outputs Enabled 
(^ = LOW) 

0to+70°C 


86 

125 

mA 

+70°C 


65 

105 

mA 

-55to+125'’C 


86 

125 

mA 

+125°C 


65 

105 

mA 

Outputs Disabled 
(OE = HIGH) 

0to+70°C 


97 

140 

mA 

+70°C 


83 

120 

mA 

-55to+125°C 


97 

140 

mA 

+ 125°C 

_J 

83 

120 

mA 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

2. All typical values are Vqq = 5.0V, Ta = 25°C. 

3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

4. Clock input, CP, is HIGH after clocking in data to produce outputs = LOW. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65 to +150°C 

Temperature (Ambient) Under Bias 

-55to+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5 to +7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5 to +Vqq max 

DC Input Voltage 

-0.5 to +5.5V 

DC Output Current, Into Outputs 

100mA 

DC Input Current 

-30 to +5.0mA 






Am29821/22/23/24/25/26 
SWiTCHING CHARACTERISTICS 

(Ta = +25°G, Vcc = 5.0V) 

Test Conditions 

Parameters Description (Note 4) Min Typ Max Units 


tPLH 

Propagation Delay Clock to Yj 
(OE = LOW) 

Cl = 50pF 

3.5 

-n 

7.5 

ns 

tpHL 

3.5 



ns 

tpLH 

Cl = 300pF 




ns 

tpHL 



ns 

ts 

Data to ^ Setup Time 

% 

2.0 1 



ns 

tH 

Data to ^ Hold Time 



ns 

ts 

Enable (EN"L) to CP Setup Time 



ns 

ts 

Enable (EN^T ) to CP Setup Time 



^ 1.5 


ns 

tH 

Enable (EN) Hold Time 


- 1.5 


ns 

tpHL 

Propagation Delay, Clear to Yj ^ 



12.9 

15.0 

ns 

ts 

Clear Recovery (CLR J~) Time ^ 


5.0 

1.1 


ns 

tpWH 

Clock Pulse Width 


[W^=50PF 

5.0 

6.5 


ns 

tpWL 


5.0 

; 3.0 


ns 

tpWL 

Clear (CLR =’ LOW) P^^Wdt^ 

. 

5.0 

5.7 


ns 

tZH 

Output EnaWe Tin^ Of X 

Cl = 300pF 



17 

ns 

tZL 



17 

ns 

tZH 

Cl = 50pF 


11.5 

12 

ns 

tZL 



12 

ns 

tHZ 

Output"Disable Time OE JT to Yj 

Cl = 50pF 



9 

ns 

tlZ 



9 

ns 

tHZ 

Cl = 5pF 


5.2 

8 

ns 

tLZ 


5.5 

8 

ns 


Note: 4. See test circuit and waveforms. 


LOAD TEST CIRCUIT 


SET UP, HOLD, AND RELEASE TIMES 


TEST 

POINT Vcc 



LBI-005 


ENABLE AND DISABLE TIMES 
Enable Disable 



trol Disabie-HIGH. 

2. Si and S 2 of Load Circuit are closed except where shown. 


DATA 

INPUT 


TIMING 

INPUT 


mwm 


wmi 



3V 

1.5V 

OV 

3V 

1.5V 

OV 


LBI-007 


Notes: 1. Diagram shown for HIGH data only. Output transition may 
be opposite sense. 

2. Cross hatched area is don’t care condition. 


PROPAGATION DELAY 



PULSE WIDTH 


LOW-HIGH-LOW 

PULSE 


HIGH-LOW HIGH 
PULSE 






1.5V 


1.5V 


Note: Pulse Generator for All Pulses: Rate lOMHz; Zq = SOD; Xf 2.5ns; tf 2.5ns. 


LBI-P09 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
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Parameters 


Description 


^PHL _ Propagation Delay Clock to Yj 

tpLH (OE = LOW) 

^PHL __ 

ts Data to CP Setup Tirr 

tn Data to CP Hold Time 

ts Enable (En 1_) to CP 

ts Enable (ENT) to CF 

tH Enable (EN) Hold Tim 

tpHL Propagation Delay, Cl 

ts Clear Recovery (CLR 

_ Clock Pulse Width 

^PWL _ 

._ Output Disable Time ( 

JHZ_ 

JLZ_ 

Note: 4. See test circuit and waveforms 


Data to CP Setup Time 
Data to CP Hold Time 
Enable (EN 1_) to CP Setup Time 
Enable (ENj") to CP Setup Time 
Enable (EN) Hold Time 
Propagation Delay, Clear to Y 
Clear Recovery (CLR jT) Time 

Clock Pulse Width ^ A 

_-_ 

Enable (EN) L 


le OE 1 to Yj 


Output Disable Time OE T to Yj 


Test Conditions 

(Note 4) 


Cl = 50pF 
Cl = 300pF 


Commerciai 

Ta = 0 to +70X 
Vcc = 5.0V ±10% 


Military 

Tc = -55 to +125°C 
Vcc = 5.0V ±10% 




_ 

7 




ns 


p 

II 

3 

T| 

J 


20 


22 

ns 




20 


22 

ns 


Cl = 50pF 


14 


1v5 

ns 




14 


15 

ns 


p 

II 

Tl 


16 


18 

ns 




12 


12 

ns 


Cl = 5pF 


9 


10 

ns 




9 


10 

ns 



INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 
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DEFINITION OF FUNCTIONAL TERMS 

Dj The D flip-flop data inputs. 

CLR For both inverting and noninverting registers, when the 
clear input is LOW and OE is LOW, the Qj outputs are 
LOW. When the clear Input is HIGH, data can be entered 
into the register. 

CP Clock Pulse for the Register; enters data into the register 
on the LOW-to-HIGH transition. 

Y|, Yj The register three-state outputs. 


EN Clock Enable. When the clock enable is LOW, data on the 
Dj input is transferred to the Qj output on the LOW-to-HIGH 
clock transition. When the clock enable is HIGH, the Qj 
outputs do not change state, regardless of the data or clock 
input transitions. (Note 5.) 

OE Output Control. When the OE input is HIGH, the Yj 
outputs are in the high impedance state. When the OE 
input is LOW, the TRUE register data is present at the Yj 
outputs. 


FUNCTION TABLE 
Am29821/29823/29825 


- 

Inputs 

Internal 

Outputs 

Function 

OE 

CLR 

EN 

D| 

CP 

Qi 

Y| 

Hi-Z 

H 

X 

L 

L 

T 

L 

z 

H 

X 

L 

H 

T 

H 

z 

Clear 

H 

L 

X 

X 

X 

L 

z 

L 

L 

X 

X 

X 

L 

L 

Hold 

H 

H 

H 

X 

X 

NC 

z 

L 

H 

H 

X 

X 

NC 

NC 


H 

H 

L 

L 

t 

L 

z 

Load 

H 

H ! 

L. 

H 

t 

H 

z 

L 

H 

L 

L 

t 

L 

L 


L 

H 

L 

H, 

t 

H 

H 


H = HIGH NC = No Change 

L = LOW t = LOW-to-HIGH Transition 

X = Don’t Care Z = High Impedance 


FUNCTION TABLE 
Am29822/29824/29826 



Inputs 

Internal 

Outputs 

Function 

OE 

CLR 

EN 

D| 

CP 

Qi 


Hi-Z 

H 

X 

L 

L 

t 

H 

z 

H 

X 

L 

H 

t 

L 

z 

Clear 

H 

L 

X 

X 

X 

L 

z 

L 

L 

X 

X 

X 

L 

L 

Hold 

H 

H 

H 

X 

X 

NC 

z 

L 

H 

H 

X 

X 

NC 

NC 


H 

H 

L 

L 

t 

H' 

z 

Load 

H 

H 

L 

H 

t 

L 

z 

L 

H 

L 

L 

t 

H 

H 

I 

L 

H 

L 

H 

t 

L 

L 


H = HIGH NC = No Change 

L = LOW t = LOW-to-HIGH Transition 

X = Don’t Care Z = High Impedance 


Note 5: The Am29823 thru Am29826 registers achieve short throughput delay and setup time and reduced power consumption by means of a clock gating 
and latching circuit. This circuit is sensitive to very short (<3ns) HIGH-to-LOW-to-HIGH going spikes on EN while CP is HIGH, The designer should 
be aware of this and avoid the use of decoders or other potentially glitching devices in the EN logic. 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 



Package Type 

Operating Range 

Screening Level 

Order Number 

(Note 1) 

(Note 2) 

(Note 3) 

AM2982_DC 

D-24-SLIM 

C 

C-1 

AM2982_DCB 

D-24-SLIM 

C 

B-2 (Note 4) 

AM2982_DM 

D-24-SLIM 

M 

C-3 

AM2982_DMB 

D-24-SLIM 

M 

B-3 

AM2982-LC 

L-28-1 

C 

C-1 

AM2982_LCB 

L-28-1 

C 

B-2 (Note 4) 

AM2982-LM 

L-28-1 

M 

C-3 

AM2982_LMB 

L-28-1 

M 

B-3 

AM2982_XC 

AM2982_XM 

Dice 

Dice 

C 

M 

\ Visual inspection 
} to MIL-STD-883 

j Method 201 OB. 


Notes: 1. D = Hermetic DIP, L = Chip-Pak. Number following letter is number of leads. 

2. C = 0 to +70°C, Vcc = 4.5 to 5.5V, M = -55 to +125°C, Vcc = 4.50 to 5.50V. 

3. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 

4. 160 hour burn-in. 
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Am29821/22/23/24/25/26 
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Am29827/Am29828 

High Performance Buffers 

ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 

• High-speed buffers and inverters 

- Noninverting tpD = 4.5ns typ 

- Inverting tpD = 4.0ns typ 

• 200mV minimum input hysteresis on input data ports 

• Three-state outputs glitch-free during power-up 
and -down 

• Outputs have Schottky clarrip to ground 

• 48mA commercial Iql. 32mA military Iql 

• High capacitance load capability 

• Low capacitance inputs and outputs 

• Iqh specified 2.0V and 2.4V 

• 24-pin 0.3" space saving package 

• Fully TTL compatible inputs and outputs 

• IMOX^“ high performance IMplanted OXide 
isolated process 


Am29827/Am29828 
10-BIT BUS DRIVERS 


FUNCTIONAL DESCRIPTION 

The Am29827 and Am29828 10-bit bus buffers provide 
high performance bus interface buffering for wide data/ 
address paths or buses carrying parity. The 10-bit buffers 
have NOR-ed output enables for maximum control flexi¬ 
bility. All buffer data inputs have 200mV minimum input 
hysteresis to provide improved noise rejection. 

All of the Am29800 high performance interface family are 
designed for high capacitance load drive capability while 
providing low capacitance bus loading at both inputs and 
outputs. All inputs are Schottky diode inputs, and all outputs 
are designed for low capacitance bus loading in the high 
impedance state. 


Am29827/Am29828 
10-BIT BUFFERS 


OEi [ 

Don: 
D1CZ|: 

D2 [ 

Pa I 5 

d 4 n 6 

D5[ 

D6[ 

Dy 

D8[ 

Do nil 
GNOn ^2 


H Vcc 

□ Vo 

□ Vi 

□ Y2 

□ V3 

□ V4 

□ V5 

□ V6 

□ V7 

□ Y8 

□ vg 

□ 0E2 




1^' 


Am2g827 (NONINVERTING) 



ABI-126 


ABI-127 


IMOX is a trademark of Advanced Micro Devices, Inc. 
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Am29827/828 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65to+150°C 

Temperature (Ambient) Under Bias 

-55to+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5to+7.0V 

DC Voltage Applied to Output for High Output State 

-1.5to Vqo max 

DC Input Voltage 

-0.5to-h5.5V 

DC Output Current, Into Outputs 

100mA 

DC Input Current 

-30to+5.0mA 


ELECTRICAL CHARACTERISTICS 

COM’L Ta = 0 to +70°C, Vcc = 5.0V ± 10% (MIN = 4.5V, MAX = 5.5V) 

MIL Tc = -55 to +125°C, Vcc = 5.0V ± 10% (MIN = 4.5V, MAX = 5.5V) 

Parameter Description Test Conditions Min Typ Max Units 


VOH 

Output HIGH Voltage 

Vcc = min 

V|N = V|H or V|L 

Iqh = -15mA 

2.4 



V 

•oh = -24mA 

2.0 



VoL 

Output LOW Voltage 

Vcc = min 

V|N = ViH or V|L 

MIL, Iql = 32mA 



0.5 

V 

COM’L, Iql = 48mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH voltage 
for all inputs 

2.0 



V 

V|L 

Input LOW Level 

Guaranteed input logical LOW voltage 
for afl inputs 



0.8 

V 

V| 

Input Clamp Voltage 

Vcc = min, I|n = -18mA 



-1.2 

V 

VhyST 

Input Hysteresis 

Vcc = min 

200 



mV 

l|L 

Input LOW Current 

Vcc = max. V|n = 0.4V 



-1.0 

mA 

l|H 

Input HIGH Current 

Vcc = MAX, V|N = 2.7V 



50 

HA 

•l 

Input HIGH Current 

Vcc = MAX, V|N = 5.5V 



1.0 

mA 

■OZH 

Output Off-state 

Output Current (Hl-Z) 

Vcc = max, Vo = 2.4V 



50 

/xA 

•OZL 

Output Off-state 

Output Current (Hl-Z) 

Vcc = max. Vo = 0.4V 



-50 

HA 

•sc 

Output Short Circuit Current 

Vcc = max 

-75 


-250 

mA 

•cc 

Supply Current 

Vcc = max 

Outputs Open 

Outputs Enabled 



145 

mA 

Outputs Disabled 



155 


ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Order Number 

Package Type 
(Note 1) 

Operating Range 
(Note 2) 

Screening Level 
(Note 3) 

AM2982.DC 

D-24-SLIM 

C 

C-1 

AM2982_DCB 

D-24-SLIM 

C 

B-2 (Note 4) 

AM2982.DM 

D-24-SLIM 

M 

C-3 

AM2982_DMB 

D-24-SLIM 

M 

B-3 

AM2982_LC 

L-28-1 

C 

C-1 

AM2982_LCB 

L-28-1 

C 

B-2 (Note 4) 

AM2982_LM 

L-28-1 

M 

C-3 

AM2982_LMB 

L-28-1 

M 

B-3 

AM2982_XC 

Dice 

C 

\ Visual inspection 
> to MIL-STD-883 

AM2982_XM 

Dice 

M 

I Method 201 OB. 


Notes: 1. D = Hermetic DIP, L = Chip-Pak. Number following letter is number of leads. 

2. C = 0 to +70°C, Vcc = 4.75 to 5.25V, M = -55 to +125°C, Vcc = 4.50 to 5.50V. 

3. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 

4. 160 hour burn-in. 
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Am29827/828 

Am29827/Am29828 SWITCHING CHARACTERISTICS (Ta = +25°C. Vcc = 5.0V) 

Parameter Description Test Conditions Min Typ Max Units 




8-36 




Am29827/828 


DEFINITION OF FUNCTIONAL TERMS 

OEi When both are LOW the outputs are enabled. When 
either one or both are HIGH the outputs are Hl-Z. 

Di 10-blt data input. 

Y| 10-bit data output. 


FUNCTION TABLES 
Am29827 (Noninverting) 


Inputs 

Outputs 

Function 

OE 

D| 

Yi 

L 

H 

H 

Transparent 

L 

L 

L 

Transparent 

H 

X 

z 

Hl-Z 


Am29828 (Inverting) 


Inputs 

Outputs 

Function 

OE 

Di 


L 

H 

L 

Transparent 

L 

L 

H 

Transparent 

H 

X 

Z 

Hl-Z 


SWITCHING TIME WAVEFORMS AND AC TEST CIRCUITS 


PROPAGATION DELAY 


ENABLE AND DISABLE TIMES 


Enable Disable 




ABI-128 


Notes: 1. Diagram shown for Input Control Enable-LOW and Input 
Control Disable-HIGH. 

2. and S 2 of Load Circuit are closed except where shown. 


, V ABI-129 

LOAD TEST CIRCUIT 


I caI .. 

POINT ''CC 



Note: Pulse Generator for All Pulses: Rate lOMHz; Zq = 5011; tr < 2.5ns: tf ^ 2.5ns. 


ABI-130 
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Am29833/34 • Am29853/54 

Parity Bus Transceivers 
PRELIMINARY 


DISTINCTIVE CHARACTERISTICS 

• High-speed bidirectional bus transceiver for processor 
organized devices 

• Error flag with open-collector output 

• Generates odd parity for all-zero protection 

• Buffered direction three-state control 

• Separate Transmit and Receive enable controls 

• Output short-circuit protected to Vqq limits 

• 200mV minimum input hysteresis on input data ports 

• High-capacitance drive capability 

48mA commercial Iql 
32mA military Iql 

• 24~pin 0.3" slim DIP package 

• 100% product assurance screening to MIL-STD-883 
requirements 


CONNECTION DIAGRAMS - Top Views 

Leadless Chip Carrier 
L-28-1 



ABI-105 


8-BIT TO 9-BIT PARITY TRANSCEIVERS 


OER C 

1 

J - 

24 

d ''cc 

OER d 


J -- 

24 

’’o cz 

2 

23 

□ To 

Rod 

2 

23 

Rid 

3 

22 

pTi 

Rid 

3 

22 

Ra CZ 

4 

21 

□ T2 

R 2 d 

4 

21 

^3 CZ 

5 

20 

Z]T 3 

Rad 

5 

20 

R41Z 

6 19 

Am29833/34 

Z]T 4 

R 4 d 

6 19 

Am298S3/54 

RsCZ 

7 

18 

ZJTs 

R 5 d 

7 

18 

Red 

8 

17 

Z]T6 

Red 

8 

17 

Rrd 

9 

16 

ZJT 7 

Ryd 

9 

16 

^ d 

10 

15 

I PARITY 

ERR d 

10 

15 

os d 

11 

14 

Z] OET 

CLR d 

11 

14 

GND d 

12 

13 

Z3 CLK 

GND d 

12 

13 


I PARITY 
I OlT 

ZliN 


FUNCTIONAL DESCRIPTION 

The Am29833/34/53/54 are high-performance bus trans¬ 
ceivers designed for two-way communications. They each 
contain an 8-bit data path from the A (port) to the B (port), a 
9-bit data path from the B (port) to the A (port), and a 9-bit 
parity checker/generator. Two options are available. The 
Am29833/34 register option, and the Am29853/54 latch op¬ 
tion'. With the register option, the error flag can be clo cked 
and stored in a register and read at the open-collector ERR 
output. The clear (CLR) input is used to clear the error flag 
register. With the latch option, the error can be either 
passed, stored, sam pled or cleared at the error flag output 
by using the EN and CLR controls. 

The output enables OET and OER are used to force the 
port outputs to the high-impedance state so that t he d evice 
can drive bus lines directly. In addition, the OER and OET 
can be used to force a parity error by enabling both lines 
simultaneously. This transmission of inverted parity gives 
the designer more system diagnostic capability. The 
Am29833 and Am29853 are noninverting, while the 
Am29834 and Arn29854 present inverting data at the out¬ 
puts. The devices are specified at 48mA output sink current 
over the commercial range and 32mA over the military 
range. 


ORDERING INFORMATION 

Order the part number according to the table below to 
obtain the desired package, temperature range, 
and screening level. 



Package 

Operating 

Screening 

Order 

Type 

Range 

Level 

Number 

(Note 1), 

(Note 2) 

(Note 3) 

AM2983_/5_DC 

D-24-SLIM 

C 

C-1 

AM2983_/5_DCB 

D-24-SLIM 

C 

B-2 (Note 4) 

AM2983_/5_DM 

D-24-SLIM 

M 

C-3 

AM2983_/5-DMB 

D-24-SLIM 

M 

B-3 

AM2983_/5_LC 

L-28-1 

C 

C-1 

AM2983../5_LCB 

L-28-1 

C 

B-2 (Note 4) 

AM2983_/5_LM 

L-28-1 

M 

C-3 

AM2983_/5_LMB 

L-28-1 

M 

B-3 

AM2983_/5_XC 

AM2983_/5_XM 

Dice 

Dice 

C ) 

M J 

Visual inspection 
to MIL-STD-883 
Method 201 OB. 


Notes: 1. D = Hermetic DIP, L = Chip-Pak. Number following 
letter Is number of leads. 

2. C = 0 to +70°C, Vcc == 4.75 to 5.25V, M = -55 to 
+ 125°C, Vcc = 4.50 to 5.50V. 

3. Levels C-1 and C-3 conform to MIL-STD-883, Class C. 
Level B-3 conforms to MIL-STD-883, Class B. 

4. 160 hour burn-in. 


TABLE OF CONTENTS 

Ordering Information.8-38 

Block Diagrams .. 8-39 

Definition of Functional Terms....8-40 

Electrical Characteristics ...8-40 

Switching Characteristics. 8-41 

Switching Waveforms... 8-44 
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Am29833/34 * Am29853/54 


Am29833 

FUNCTION BLOCK DIAGRAM 
(Device Shown Noninverting) 



*Am29833 shown; for Am29834, buffer replaced with inverter. 
# = Do e Di e D2 ® D3 © D4 © Ds © Do © Dy © Dp 


Am29853 

FUNCTION BLOCK DIAGRAM 
(Device Shown Noninverting) 



*Note that the inverting device converts the positive logic “A” bus levels to negative logic levels on the “B” bus. 
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Am29833/34 • Am29853/54 
MAXIMUM RATINGS 


Supply Voltage 

7.0V 

Common Mode Range 

0 to Vcc 

Logic Inputs 

5.5V 

Storage temperature Range 

-65to+150°C 


OPERATING RANGE 


Part No. 

Temperature 

Vcc 

Am2983X/5XDC 

TA=0to+70°C 

5.0 ±10% 

Am2983X/5XDM 

Tc= -55to+125'’C 

5.0 ±10% I 


ELECTRICAL CHARACTERISTICS 

COM’L Ta = 0 to +70°C Vcc = 6 0V ±10% (Min = 4.5V Max = 5.5V) 

MIL Tc = -55 to +125°C Vcc = 5.0V ±10% (Min = 4.5V Max = 5.5V) 

Parameters Description Test Conditions Min Typ Max Units 


Vqh 

Output HIGH Voltage (Except ERR) 

Vcc = Min 

Iqh = -15mA 

2.4 



V 

•oh = -24mA 

2.0 






ERR 

•OL = 48mA 



0.5 


VoL 

Output LOW Voltage 

II 

3 

All Other 

Iql = 32mA MIL 



0.5 

V 




Outputs 

Iql = 48mA COM’L 



0.5 


V|H 

Input HIGH Voltage 


2.0 



V 

V|L 

Input LOW Voltage 




0.8 

V 

111 

Input LOW Current 

Vcc = Max 


Data 



-1.0 

mA 

V|N = 0.4V 


Control 



-2.0 

•iH 

Input HIGH Current 

Vcc = Max 

Control ViN = 2.7V 



50 

aA 

Data V|N = 2.4V 



50 

•sc 

Output Short Circuit Current 


-75 


-250 

mA 

•l 

Input Leakage Current 

Vcc = Max. V|N = 5.5V 



1.0 

mA 

Vic 

Input Clamp Voltage 

Vcc Min, l||g = —18mA 

1 


-1.2 

V 

•OZH 

Output Leakage Current 

Vcc = Max 

Vo = 2.4V 



50 

fiA 

•OZL 

(High Impedance) 

Vq = 0.4V 



-1.0 

mA 

•cc 

Power Supply Current 

Vcc = Max (All Outputs Are Passive) 




mA 

Vhyst 

Hysteresis for Inputs Dgj, Dpj 


200 



mV 


DEFINITION OF FUNCTIONAL TERMS 

DEFINITION OF FUNCTIONAL TERMS 

Am29833/34 

Am29853/54 

OER 

RECEIVE enable Input. 

OER 

RECEIVE enable Input. 

R| 

8-bit RECEIVE data input. 

Rl 

8-blt RECEIVE data Input. 

ERR 

Output from fault registers. Registers detection 
of odd parity fault on using clock edge (CLK). A 
registered ERR output remains LOW until 

ERR 

Output from fault latches. Latche^etection of 
odd parity fault on active enable EN. A latched 

ERR output remains LOW until cleared. 


cleared. 

CLR 

Clears the fault latch output. 

CLR 

Clears the fault register output. 

T| 

8-bit TRANSMIT data output. 

Ti 

8-bit TRANSMIT data input. 

PARITY 

1-bit PARITY output. 

PARITY 

1-bit PARITY output. 

OET 

TRANSMIT enable input. 

OET 

CLK 

TRANSMIT enable input. 

External clock pulse input for fault register flag. 

EN 

Enable latch input for fault flag. 
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Am29833/34 • Am29853/54 


Am29833/34/53/54 
SWITCHING CHARACTERISTICS 

COM’L TA=0to+70°CVcc = 5.0V±10% 

Parameters Description Test Conditions Min Typ Max Units 


tpLH 

Propagation Delay Dgi to Dbj, Dbi to Dgj 

Cl = 50pF 



12 

ns 

tPHL 



12 

ns 

tPLH 

Cl = 300pF 



16 

ns 

tPHL 



16 

ns 

tPLH 

Propagation Delay D^ to Dbp 

Cl = 50pF 



15 

ns 

tPHL 



15 

ns 

tPLH 

Cl = 300pF 




22 

ns 

IPHL 



22 

ns 

tZH 

Output Enable Time OER, OET to Dg\, Dbj 

Cl = 50pF 




ns 

tZL 


^5 

ns 

tZH 

^l = 300pf ^ 


K W 

22 

ns 

tZL 


22 

ns 

tHZ 

Output Disable Time OER, OET to Dgj, Dbi 

el 

r 



10 

ns 

tLZ 




10 

ns 

tHZ 




17 

ns 

tLZ 



17 

ns 

ts 

Dbi, Dbp to CLK Setup Time 


15 



ns 


Dbi, Dbp to CLK Hold Time,;: ‘i-: 

0 



ns 

ts 

Clear Recovery Timeto iSUC * 

Cl=50pF 

1 

i 

15 



ns 

tpWH 

Clock Pi 4 ^\Mdth"'- ' ' 

10 



ns 

tpWL 


10 



ns 

tpWL 


10 



ns 

tPHL 

Mlflgl^on Delay CLK to E^ 

Cl = 50pF 



15 

ns 

tPLH 

P^fcation Delay CLR to E^ (Am29833/34) 

1 Cl = 50pF 



15 

ns 

tpLH 

Proj^ation Delay CLR to ERR (Am29853/54) 

Cl = 50pF 



15 

ns 

tpLH 

Propagation Delay Dpi, Dpp to ERR 
(PASS Mode Only) Am29853/54 

Cl - 50pF 



22 

ns 

tPHL 



18 

ns 

tPLH 

Propagation Delay OER to Dpp 

Cl = 50pF Test Ckt #1 



15 

ns 

tpHL 



15 

ns 

tpLH 

Cl = 300pFTestCkt#1 



22 

ns 

tpHL 



i 22 

ns 


Note: For Am29853/54 replace CLK with EN. 


CIRCUIT NO. 1 


TEST LOAD CIRCUITS 


CIRCUIT NO. 2 




Note: Test Circu i t No . 1 i s used with Propagation delay on the Data Lines, OER and OET tests. Test Circuit No. 2 is used with all parameters involving 
CLK, CLR, EN and ERR. 
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Am29833/34 * Am29853/54 


ERROR FLAG OUTPUT TRUTH TABLE 

Am29853/Am29854 (LATCH OPTION) 


^Enable is used as strobe for the latch in sampled operation. 


FUNCTION TABLES 


Am29833 NONINVERTING OPTION 


Inputs 

Outputs 


OET 

OER 

CLR 

CLK 

DaKSofH’s) 

Dbi inci Dbp(XofH’s) 

Dai 

Dbl 

l^bp 

ERR 

Function 

L 

H 

- 

_ 

H (Odd) 

NA 

NA 

H 

L 

NA 

Transmit data from A Port 

L 

H 

- 

- 

H (Even) 

NA 

NA 

H 

H 

NA 

to B Port with parity, 

L 

H 

- 

- 

L(Odd) 

NA 

NA 

L 

L 

NA 

receiving path is disabled 

L 

H 

- 

- 

L(Even) 

NA 

NA 

L 

H 

NA 

H 

L 

H 

t 

NA 

H (Odd) 

H 

NA 

NA 

H 

Receive data from B Port 

H 

L 

H 

t 

NA 

H (Even) 

H 

NA 

NA 

L 

to A Port with parity 

H 

L 

H 

t 

NA 

L(Odd) 

L 

NA 

NA 

H 

test resulting in flag. 

H 

L 

H 

T 

NA 

L(Even) 

L , 

NA 

NA 

L 

transmitting path is disabled 

- 

- 

L 


- 

- 

- 

NA 

NA 

H 

Clear the state of error 
flag register 

H 

H 

- 

- 

- 


Z 

Z 

Z 

- 

Both transmitting and 
receiving paths are disabled 

L I 

L 

- 

- 

H (Odd) 

NA 

NA 

H 

H 

NA 

Forced-error checking 

L 

L 

- 

- 

H (Even) 

NA 

NA 

H 

L 

NA 


L I 

L 

- 

- 

L (Odd) 

NA 

NA 

L 

H 

NA 


L 

L 

- 

- 

L(Even) 

NA 

NA 

L 

L 

NA 



Am29834 INVERTING OPTION* 






Inputs 



Outputs 



OET 

OER 

CLR 

CLK 

D,j(XofH’s) 

DbilnclDbp(SofL’s) 

Dai 

Dbi 

Dbp 

ERR 

Function 

L 

H 

- 

- 

H (Odd) 

NA 

NA 

L 

H 

NA 

Transmit data from A Port 

L 

H 

- 

- 

H (Even) 

NA 

NA 

L 

L 

NA 

to B Port with parity, 

L 

H 

- 

- 

L(Odd) 

NA 

NA 

H 

H 

NA 

receiving path is disabled 

L 

H 

- 

- 

L(Even) 

NA 

NA 

H 

L 

NA 


H 

L 

H 

t 

NA 

H (Odd) 

L 

NA 

NA 

H 

Receive data from B Port 

H 

L 

H 

t 

NA 

H (Even) 

L 

NA 

NA 

L 

to A Port with parity 

H 

L 

H 

t 

NA 

L(Odd) 

H 

NA 

NA 

H 

test resulting in flag. 

H 

L 

H 

t 

NA 

L(Even) 

H 

NA 

NA 

L 

transmitting path is disabled. 



L 

- 

- 

- 

- 

- 

- 

H 

Clear the state of error 
flag register 

H 

H I 

- 

- 


- 

Z 

Z 

Z 

- 

Both transmitting and 
receiving paths are disabled 

L 

L 

- 

- 

H (Odd) 

NA 

NA 

L 

L 

NA 

Forced-error checking 

L 

L j 

- 

- 

H(Even) 

NA 

NA 

L 

H 

NA 


L 

L 

- 

- 

L(Odd) 

NA 

NA 

H 

L 

NA 


L 


- 

. - I 

L (Even) 

NA 

NA 

H 

H 

NA 



H = High Z = High impedance Odd = Odd number of logic one’s 

L = Low NA = Not applicable Even = Even number of logic one’s 

t = Low to high transition of clock - = Don’t care or irrelevant i = 0,1,2,3,4,5,6,7 


*Note that for the negative logic levels on the B Port, an “H” represents a logic “0” while an “L” represents a logic “1.” 


Inputs 

Internal 
to Device 

Output’s 
Pre-state 

Output 

Function 

EN 

CLR 

Point “P” 

™n-l 

ERR 

L 

L 

L 

- 

L 

Pass 

L 

L 

H 


H 


L 

L 

H 

H 

L 

L 

L 

L 

Sample* 

L 

H 

H 

H 

H 

(Ts Capture) 

H 

L 

- 

- 

H 

Clear 

H 

H 

H 

H 

- 

L 

H 

L 

, 

Store* 


Ain29833/Am29834 (REGISTER OPTION) 


Inputs 

Internal 
to Device 

Output’s 
Pre-State 

Output 


CLR 

CLK 

Point “P” 

ERRn.l 

E^ 

Function 

H 

H 

t 

t 

t 

H 

H 

L 

H 

L 

Sample* 

H 

L 


L 

(1’s Capture) 

L 

- 

- 

- 

H 

Clear 
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Am29833/34 * Am29853/54 







FUNCTION TABLES (Cont.) 








Am29853 NONINVERTING OPTION 





Inputs 

Outputs 




OET 

OER 

CLR 

EN 

Dai(2ofH’s) 

Dbi IncI Dbp(XofH’s) 

Dai 

Dbi 

Dbp 

ERR 

Function 



L 

H 

- 

- 

H (Odd) 

NA 

NA 

H 

L 

NA 

Transmit data from A Port 



L 

H 

- 

- 

H(Even) 

NA 

NA 

H 

H 

NA 

to B Port with parity, 



L 

H 

- 

- 

L(Odd) 

NA 

NA 

L 

L 

NA 

receiving path is disabled 



L 

H 

- 

- 

L (Even) 

NA 

NA 

L 

H 

NA 




H 

L 

L 

L 

NA 

H (Odd) 

H 

NA 

NA 

H 

Receive data from B Port 



H 

L 

L 

L 

NA 

H (Even) 

H 

NA 

NA 

L 

to A Port with parity 



H 

L 

L 

L 

NA 

L(Odd) 

L 

NA 

NA 

H 

test resulting in flag. 



H 

L 

L 

L 

NA 

L (Even) 

L 

NA 

NA 

L 

transmitting path is disabled 



H 

L 

H 

L 

NA 

H (Odd) 

H 

NA 

NA 

H 

Receive data from B Port 



H 

L 

H 

L 

NA 

H (Even) 

H 

NA 

NA 

L 

to A Port, pass the 



H 

L 

H 

L 

NA 

L(Odd) 

L 

NA 

NA 

H 

error test resulting to 



H 

L 

H 

L 

NA 

L (Even) 

L 

NA 

NA 

L 

error flag, transmitting 
path is disabled 



H 

L 

H 

H 

NA 

- 

- 

NA 

NA 

^n-1 

Store the state of error 
flag register 



- 

- 

L 

H 

- 

- 

- 

NA 

NA 

H 

Clear the state of error 
flag register 



H 

H 


- 

- 

- 

Z 

Z 

Z 

- 

Both transmitting and 
receiving paths are disabled 



L 

L 

- 

- 

H (Odd) 

NA 

NA 

H 

H 

NA 

Forced-error checking 



L 

L 

- 

- 

H (Even) 

NA 

NA 

H 

L 

NA 




L 

L 

- 

- 

L (Odd) 

NA 

NA 

L 

H 

NA 




L 

L 

- 

- 

L(Even) 

NA 

NA 

L 

L 

NA 








Am29854 INVERTING OPTION 

* 





Inputs 

Outputs 




OET 

OER 

CLR 

EN 

Dai(S0fH’s) 

Dbi IncI Dbp (X of L’s) 

Dai 

Dbi 

Dbp 

ERR 

Function 



L 

H 


- 

H (Odd) 

NA 

NA 

L 

H 

NA 

Transmit data from A Port 



L 

H 

- 

- 

H (Even) 

NA 

NA 

L 

L 

NA 

to B Port with parity, 



L 

H 

- 

- 

L (Odd) 

NA 

NA 

H 

H 

NA 

receiving path is disabled 



L 

H 

- 

- 

L(Even) 

NA 

NA 

H 

L 

NA 




H 

L 

L 

L 

NA 

H (Odd) 

L 

NA 

NA 

H 

Receive data from B Port 



H 

L 

L 

L 

NA 

H (Even) 

L 

NA 

NA 

L 

to A Port with parity 



H 

L 

L 

L 

NA 

L (Odd) 

H 

NA 

NA 

H 

test resulting in flag. 



H 

L 

L 

L 

NA 

L (Even) 

H 

NA 

NA 

L 

transmitting path is 
disabled 



H 

L 

H 

L 

NA 

H (Odd) 

L 

NA 

NA 

H 

Receive data from B Port 



H 

L 

H 

L 

NA 

H (Even) 

L 

NA 

NA 

L 

to A Port, pass the 



H 

L 

H 

L 

NA 

L (Odd) 

H 

NA 

NA 

H 

error test resulting to 



H 

L 

H 

L 

NA 

L(Even) 

H 

NA 

NA 

L 

error flag, transmitting 
path is disabled 



H 

L 

H 

H 

NA 

- 

- 

NA 

NA 

E^n-1 

Store the state of error 
flag register 



- 

- 

L 

H 

- 

- 

- 

NA 

NA 

H 

Clear the state of error 
flag register 



H 

H 


- 

- 

- 

Z 

Z 

Z 

- 

Both transmitting and 
receiving paths are disabled 



L 

L 


- 

H (Odd) 

NA 

NA - 

L 

L 

NA 

Forced-error checking 



L 

L 


- 

H(Even) 

NA 

NA 

L 

H 

NA 




L 

L 

- 

- 

L (Odd) 

NA 

NA 

H 

L 

NA 





L 


- 

L (Even) 

NA 

NA 

H 

H 

NA 



H 

= High 




NA = Not applicable 




Odd 

= Odd number of logic one’s 

L 

= Low 




ERRn-i = Pre-state of ERR 



Even 

= Even number of logic one’s 

Z 

= High impedance 


- = Don’t care or irrelevant 



i 

= 0,1 ,2, 3,4,5,6,7 

*Note that for the negative logic levels on the B port, an “H” represents a logic “0” while an “L” represents a logic “1.” 
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Am29833/34 * Am29853/54 



ABI-116 


*XofH’sofDai = ODD 


^Calculation must be done from last arriving signal. 

e) OERtoDbp 


*XofH’5ofDai = EVEN 


ABI-117 
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Am29841/842 • Am29843/844 • 
Am29845/846 

High Performance Bus Interface Latches 


DISTINCTIVE CHARACTERISTICS 

• High-speed parallel latches 

- Noninverting transparent tpo = 5.25ns typ 

- Inverting transparent tpo = 6.0ns typ 

• Buffered common latch enable, clear and preset input 

• Three-state outputs glitch-free during power-up and down 

• Outputs have Schottky clamp to ground 

• 48mA Commercial Iql, 32mA MIL Iql 

• Low input/output capacitance 

- 6pF inputs (typical) 

- 8pF outputs (typical) 

• Iqh specified 2.0V and 2.4V 

• 24-pin 0.3" space saving package 

• Fully TTL compatible inputs and outputs 

• IMOX™ high performance IMplanted OXide isolated 
process 


FUNCTIONAL DESCRIPTION 

The Am29840 Series bus interface latches are designed to 
eliminate the extra packages required to buffer existing 
latches and provide extra data width for wider address/data 
paths or buses carrying parity. The Am29841 and Am29842 
are buffered, 10-bit wide versions of the popular ’373 func¬ 
tion. The Am29843 and Am29844 a re 9- bit wide buffered 
latches with Preset (PRE) and Clear (CLR) - ideal for parity 
bus interfacing in high performance systems. The Am29845 
and Am29846 are 8 -bit buffered latches with all the ’843/4 
controls plus multiple enables (OE-j, OE 2 , OE 3 ) to allow 
mul tiuse r control of the interface, e.g., CS, DMA, and 
RD/WR. They are ideal for use as an output port requiring 
high Iql/Joh- 

All of the Am29800 high performance interface family are 
designed for high capacitance load drive capability while 
providing low capacitance bus loading at both inputs and 
outputs. All inputs are Schottky diode inputs, and all outputs 
are designed for low capacitance bus loading in the high 
impedance state. 



Device 


10-Bit 

9-Bit 

8-Bit 

Noninverting 

Am29841 

Am29843 

Am29845 

Inverting 

Am29842 

Am29844 

Am29846 


LOGIC DIAGRAM 
Am29843 


Dq Di O2 D3 D4 D5 Dg D7 Dg 



Yo Yl Y2 Y3 Y4 Yg Yg Y7 Yg 


ABI-010 


IMOX is a trademark of Advanced Micro Devices, Inc. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 

Am29841/42/43/44/45/46 

Storage Temperature 

-65to+150°C 

Temperature (Ambient) Under Bias 

-55 to +125°C 

Supply Voltage to Ground Potential Continuous 

-0.5 to +7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5 to+V qq max 

DC Input Voltage 

-0.5 to +5.5V 

DC Output Current, Into Outputs 

100mA 

pc Input Current 

-30 to +5.0mA 


ELECTRICAL CHARACTERISTICS The following Conditions Apply Unless Otherwise Specified: 

COM’L Ta = 0 to +70X Vcc = 5.0V ±10% MIN = 4.50V MAX = 5.50V 

MIL Tc = -55 to +125'’C Vcc = 5.0V ±10% MIN = 4.50V MAX = 5.50V 

PC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions^ Min Typ^ Max Units 


VoH 

Output HIGH Voltage 

Vcc = m\n 

V|N = V|H or V|L 

Iqh = -15mA 

2.4 

3.3 


Volts 

Iqh = -24mA 

2.0 

3.1 


Vql 

Output LOW Voltage 

Vcc = Mm 

V|N = V|H or V|L 

MIL, Iql = 32mA 



0.5 

Volts 

COM’L, Iql = 48mA 



0.5 

V,H 

Input HIGH Level 

Guaranteed input logical HIGH voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW voltage for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc ~ min, I|^ = —18mA 



-1.2 

Volts 

l|L 

Input LOW Current 

Vcc = max, V,n = 0.4V 



-1.0 

mA 

IlH 

Input HIGH Current 

Vcc = MAX, VtN = 2.7V 



50 

fiA 

»l 

Input HIGH Current 

Vcc = max, Vin = 5.5V 



1.0 

mA 

•oz 

Output Off-state (High Impedance) 
Output Current 

Vcc = I^AX 

Vq = 0.4V 



-50 

fjiA 

Vq = 2.4V 



50 

•sc 

Output Short Circuit Current^ 

Vcc = max 

-75 


-250 

mA 

•cc 

Supply Current 

Vcc = max 

Outputs Open 

Outputs Enabled 
(OE = LOW) 

0 to +70°C 


60 ■ 

120 

mA 

+70°C 


60 

120 

mA 

-55 to +125°C 


60 

1 

120 

mA 

+ 125°C 

1 

60 

120 

mA 

Outputs Disabled 
(OE = HIGH) 

0 to +70X 


70 

120 

mA 

+70°C 


70 

100 

mA 

-55 to +125°C 


70 

120 

mA 

+ 125°C 


70 

100 

mA 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

2. All typical values are Vcc = 5.0V, Ta = 25X. 

3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 





Am29841/42/43/44/45/46 


SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE 

Test Conditions 

Parameters Description (Note 4) 

Commercial 

Military 

Units 

Ta = 0 to -i-70®C 
Vcc = 5.0V ±10% 

Tc = -55 to -H25®C 
Vcc = 5.0V ±10% 

Min 

Max 

Min 

Max 

tPLH 

(Am29841.3,5) 

Data (Dj) to Output Yj (LE = HIGH) 

Cl = 50pF 

3.5 

9.5 

3.5 

11 , 

ns 

tpHL 

3.5 

9.5 

3.5 

11 

ns 

tPLH 

tPHL 

Cl = 300pF 


12.5 


14 

ns 


13 


15 

ns 

ts 

Data to LE Setup Time 

Cl = 50pF 

2.5 



i 

ns 

tH 

Data to LE Hold Time 

2.5 


A.. g 

ns 

tpLH 

(Am29842,4,6) 

Data (Dj) to Output (^) (LE = HIGH) 

Cl = 50pF 

3.5 




ns 

tPHL 

3.5 ^ 



^12 

ns 

tPLH 

. Cl = 300pF 


m 


14 

ns 

tpHL 


15 

ns 

tPLH 

Data to LE Setup Time 

c. 



2.5 


ns 

tPHL 

Data to LE Hold Time 



3 


ns 

tPLH 




12 


16 

ns 

tpHL 

Latch Enable (LE) to Yj ^ ^ 



12 


16 

ns 

‘PLH 

^^^OOpF 


16 


20 

ns 

tPHL 




16 


20 

ns 



0 

Cl = 50pF 





ns 







ns 

tpLH 



12 


14 

ns 


^L^® 0 '^«PRE J ) Time 


14 


17 

ns 

tPHL 

^^^Sion Delay, Clear to Yj 


21 


23 

ns 

ts 

Cl^pllecovery (CLR jF) Time 


14 


17 

ns 

tpWH 

LE Pulse Width 

HIGH 

Cl = 50pF 

6 


6 


ns 

tpWL 

Preset Pulse Width 

LOW 

8 


9 


ns 

tpWL 

Qear Pulse Width 

LOW 

8 


9 


ns 

tZH 

Output Enable Time OE \ to Yj 

Cl = 300pF 


20 


22 

ns 

tZL 


20 


22 

ns 

tZH 

Cl = 50pF 


14 


15 

ns 

tZL 


14 


15 

ns 

tHZ 

Output Disable Time OE .f to Yj 

Cl = 50pF 


15 


15 

ns 

tLZ 


12 


12 

ns 

tHZ 

Cl=5pF 


9 


10 

ns 

tLZ 


9 


10 

ns 


Note: 4. See test circuit and waveforms. 
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Am29841/42/43/44/45/46 


SWITCHING CHARACTERISTICS (Ta = +25X. Vcc = 5.0V) 

Test Conditions 


Parameters 

Description 


(Note 4) 

Min 

Typ 

Max 

Units 

tPLH 

(Am29841,3,5) 



Cl = 50pF 

3.5 

5.7 

8 

ns 

tPHL 

Data (Dj) to Output Yj (LE = HIGH) 


3.5 

6.2 

8 

ns 

tPLH 


Cl = 300pF 


10 

13 

ns 

tpHL 




10 

13 

ns 

ts 

Data to LE Setup Time 

Cl = 50pF 

2.0 

-0.2 

i 

ns 

tH 

Data to LE Hold Time 

2.5 

0.7^ 

nJ 

ns 

tPLH 

(Am29842,4, 6) 



Cl = 50pF 



J %-1 

ns 

tPHL 

Data fDA tn niitmit (VA (\F = 

A.. 



ns 

tPLH 



Cl = 300pfA 




ns 

tpHL 



k 


13 

ns 

ts 

Data to LE Setup Time 



0.3 


ns 

tH 

Data to LE Hold Time 



0.2 


ns 

tpLH 





8 

10.5 

ns 

tpHL 

Latch Enable (LE) to Yj 




7.5 

10 

ns 

tpLH 


|^, = 300pF 



15 

ns 

tPHL 

_.^1 

k W 



15 

ns 







ns 







ns 



Cl = 50pF 


6.5 

9 

ns 

ts ^ 

^^s^Kc^m (PR^i ) Time 


7.3 

12 

ns 

tPHL 

^^^^^tion I^Sy, Clear to Yj 



15 

18 

ns 

ts 

C^^lecovery (CLR J") Time 



7.8 

12 

ns 

tpWH 

LE Pulse Width 

HIGH 


4 

2.5 


ns 

tpWL 

Preset Pulse Width 

LOW 

Cl = 50pF 

5 



ns 

tpWL 

Clear Pulse Width 

LOW 


6 



ns 

tZH 



Cl = 300pF 



17 

ns 

tZL 

Output Enable Time OE "L to Yj 




17 

ns 

tZH 


Cl = 50pF 


7.3 

12 

ns 

tZL 




9.7 

12 

ns 

tHZ 



Cl = 50pF 


10.4 

14 

ns 

tiz 

Output Disable Time OE JT to Yj 



4.7 

11 

ns 

tHZ 


Cl = 5pF 


3.4 

8 

ns 

tLZ 



(Notes) 


3.8 

8 

ns 


Notes: 4. See test circuit and waveforms. 
5. Not tested. 
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Am29841/42/43/44/45/46 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 



ABI-019 


LOAD TEST CIRCUIT 


TEST 

POINT 



ENABLE AND DISABLE TIMES 


Enable 


Disable 



3.0V 

1.5V 

OV 

~1.5V 

VoL 

~1.5V 


Notes: 1. Diagram shown for Input Control Enable-LOW and Input 
Control Disable-HIGH. 

2. and S 2 of Load Circuit are closed except where shown. 


SET UP, HOLD, AND RELEASE TIMES 


DATA 
INPUT ' 


LATCH 

ENABLE 




• 3V 

■ 1.5V 

• OV 

3V 

- 1.5V 

• OV 


Notes: 1. Diagram shown for HIGH data only. Output transition may 
be opposite sense. 

2. Cross hatched area is don’t care condition. 


PROPAGATION DELAY 


SAME PHASE . 
INPUT TRANSITION 


^PLH- 


/==^ 


^PHL'- 




^PLH- 


^PHL- 


OPPOSITE PHASE 
INPUT TRANSITION ' 


V-z-if 


3V 

1.5V 

OV 

VoH 

1.5V 

VoL 

3V 

1.5V 

OV 


PULSE WIDTH 


LOW-HIGH-LOW 

PULSE 


HIGH-LOW-HIGH 

PULSE 



/. \ 



r ' n 

k 







k 7 



1.5V 

ABI-018 


Note: Pulse Generator for All Pulses: Rate lOMHz; Zq = SOD; V ^ 2.5ns; tf ^ 2.5ns. 
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Am29841/42/43/44/45/46 


DEFINITION OF FUNCTION TERMS 

Am29841/43/45 (Noninverting) 

CLR When CLR is LOW, the outputs are LOW if OE is LOW. 
When CLR is HIGH, data can be entered into the latch. 

Dj The latch data inputs. 

LE The latch enable input. The latches are transparent when 
LE is HIGH. Input data is latched on the HIGH-to-LOW 
transition. 

Yj The 3-state latch outputs. 

^ The output enable control. When OE is LOW, the outputs 
are enabled. When OE Is HIGH, the outputs Yj are In the 
high-impedance (off) state. 

PRE Preset line. When PRE is LOW, the outputs are HIGH if OE 
is LOW. Preset overrides CLR. 


FUNCTION TABLE 


Inputs 

Internal Outputs 

Function 


n 

i 

m 

□ 

Q| 

Yj 

H 

H 

H 

X 

X 

X 

Z 

Hi-Z 

H 

H 

H 

H 

L 

L 

. z 

Hi-Z 

H 

H 

H 

H 

H 

H 

z 

Hi-Z 

H 

H 

H 

L 

X 

NC 

z 

Latched 

(Hi-Z) 

H 

H 

L 

H 

L 

L 

L 

Transparent 

H 

H 

L 

H 

H 

H 

H 

Transparent 

H 

H 

L 

L 

X 

NC 

NC 

Latched 

H 

L 

L 

X 

X 

H 

H 

Preset 

L 

H 

L 

X 

X 

L 

L 

Clear 

L 

L 

L 

X 

X 

H 

H 

Preset 

L 

H 

H 

L 

X 

L 

z 

Latched 

(Hi-Z) 

H 

L 

H 

L 

X 

H 

z 

Latched 

(Hi-Z) 


DEFINITION OF FUNCTION TERMS 

Am29842/44/46 (Inverting) 

CLR When CLR is LOW, the outputs are LOW If OE is LOW. 
When CLR is HIGH, data can be entered into the latch. 

D| The latch inverting data inputs. 

LE The latch enable input. The latches are transparent when 
LE is HIGH. Input data is latched on the HIGH-to-LOW 
transition. 

Yj The 3-state latch outputs. 

OE The output enable control. When OE is LOW, the outputs 
are enabled. When OE is HIGH, the outputs Yj are in the 
high-impedance (off) state. 

PRE Preset line. When PRE is LOW, the outputs are HIGH if OE 
is LOW. Preset overrides CLR. 


FUNCTION TABLE 


Inputs 

Internal Outputs 

Function 

CLR 

PRE 

OE 

LE 

D| 

Qi 

Yj 

H 

H 

H 

X 

X 

X 

Z 

Hi-Z 

H 

H 

H 

H 

H 

L 

Z 

Hi-Z 

H 

H 

H 

H 

L 

H 

z 

Hi-Z 

H 

H 

H 

L 

X 

NC 

z 

Latched 

(Hi-Z) 

H 

H 

L 

H 

H 

L 

L 

Transparent 

H 

H 

L 

H 

L 

H 

H 

Transparent 

H 

H 

L 

L 

X 

NC 

NC 

Latched 

H 

L 

L 

X 

X 

H 

H 

Preset 

L 

H 

L 

X 

X 

L 

L 

Clear 

L 

L 

L 

X 

X 

H 

H 

Preset 

L 

H 

H 

L 

X 

L 


Latched 

(Hi-Z) 

H 

L 

H 

L 

X I 

H 

Z 

Latched 

(Hi-Z) 


ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Order Number 

Package Type 
(Note 1) 

Operating Range 
(Note 2) 

Screening Level 
(Note 3) 

AM2984_DC 

D-24-SLIM 

C 

C-1 

AM2984_DCB 

D-24-SLIM 

C 

B-2 (Note 4) 

AM2984,DM 

D-24-SLIM 

M 

C-3 

AM2984_DMB 

D-24-SLIM 

M 

B-3 

AM2984_LC 

L-28-1 

C 

C-1 

AM2984_LCB 

L-28-1 

C 

B-2 (Note 4) 

AM2984_LM 

L-28-1 

M 

C-3 

AM2984_LMB 

L-28-1 ' 

M 

B-3 

AM2984_XC 

Dice 

C 

] Visual inspection 
[ to MIL-STD-883 

AM2984_XM 

Dice 

M 

) Method 201 OB. 


Notes: 1. D = Hermetic DIP, L = Chip-Pak. Number following letter is number of leads. 

2. C = 0 to +70°C, Vcc = 4.5 to 6.5V, M = -55 to -f 125"C, Vcc = 4.50 to 5.50V. 

3. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 

4. 160 hour burn-in. 
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Am29861 • Am29862 
Am29863 • Am29864 

High Performance Bus Transceivers 

ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 

• High-speed symmetrical bidirectional transceivers 

- Noninverting tpp = 4.5ns typ 

- Inverting tpp = 4.0ns typ 

• 200mV minimum input hysteresis on input data ports 

• Three-state outputs glitch-free during power-up 
and-down 

• Outputs have Schottky clamp to ground 

• 48mA commercial Iql. 32mA military Iql 

• Low input/output capacitance 

- 6pF inputs (typical) 

- 8pF outputs (typical) 

• Iqh specified 2.0V and 2.4 V 

• 24-pin 0.3" space saving package 

• Fully TTL compatible inputs and outputs 

• IMOX^“ high performance IMplanted OXide 
isolated process 


FUNCTIONAL DESCRIPTION 

The Am29860 Series bus transceivers provide high per¬ 
formance bus interface buffering for wide data/address 
paths or buses carrying parity. The Am29863/64 9-bit 
transceivers have NOR-ed output enables for maximum 
control flexibility. All transceiver data inputs have 200mV 
minimum input hysteresis to provide improved noise 
rejection. 

All of the Am29800 high performance interface family are 
designed for high capacitance load drive capability while 
providing low capacitance bus loading at both inputs and 
outputs. All inputs are Schottky diode inputs, and all outputs 
are designed for low capacitance bus loading in the high 
impedance state. 
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IMbX is a trademark of Advanced Micro Devices, Inc, 

This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you to 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 
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Am29861/62/63/64 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65to+150°C 

Temperature (Ambient) Under Bias 

-55to+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5 to -i-7.0V 

DC Voltage Applied to Output for High Output State 

-1.5 to Vcc max 

DC Input Voltage 

-0.5to-h5.5V 

DC Output Current, Into Outputs 

100mA 

DC Input Current 

-30 to -h5.0mA 


ELECTRICAL CHARACTERISTICS 

COM’L Ta = 0 to +70°G, Vcc == 5.0V ± 10% (MIN = 4.5V, MAX = 5.5V) 

MIL Tc = -55 to +125°C, Vcc = 5.0V ± 10% (MIN = 4.5V, MAX = 5.5V) 

Parameter Description Test Conditions Min Typ Max Units 


VoH 

Output HIGH Voltage 

— 

Vcc = min 

V|N "= V|H or V|L 

Iqh = -15mA 

2.4 



V 

•oh = -24mA 

2.0 



VoL 

Output LOW Voltage 

Vcc = min 

V|N = V|H or V|L 

MIL, Iql = 32mA 



0.5 

V 

COM’L, Iql = 48mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH voltage 
for all Inputs 

2.0 



V 

V. 

Input LOW Level 

Guaranteed input logical LOW voltage 
for all inputs 



0.8 

V 

V| 

Input Clamp Voltage 

Vcc — min, I||\| = —18mA 


. 

-1.2 

V 

VhYST 

Input Hysteresis 

Vcc = min 

200 



mV 

l|L 

Input LOW Current 

Vcc = max, V|N = 0.4V 



-1.0 

mA 

'iH 

Input HIGH Current 

Vcc = max, V|n = 2.7V 



100 

fiA 


Input HIGH Current 

Vcc = max, V|n = 5.5V 



1.0 

mA 

■OZH 

1 

Output Off-state 

Output Current (Hl-Z) 

Vcc = max, Vo = 2.4V 



100 

fjiA 

- ^ - 

•OZL 

Output Off-state 

Output Current (Hl-Z) 

Vcc = max, Vo = 0.4V 

! 


-1.0 

mA 

•sc 

Output Short Circuit Current 

Vcc = max 

-75 1 

! 

-250 

mA 

•cc 

Supply Current 

1 

Vcc = max 

Outputs Open 

Outputs Enabled 

. ! 

. 1 

145 

mA 

Outputs Disabled 



155 1 


ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Order Number 

Package Type 
(Note 1) 

Operating Range 
(Note 2) 

Screening Level 
(Note 3) 

AM2982_DC 

D-24-SLIM 

C 

C-1 

AM2982_DCB 

D-24-SLIM 

C 

B-2 (Note 4) 

AM2982-DM 

D-24-SLIM 

M 

C-3 

AM2982_DMB 

D-24-SLIM 

M 

B-3 

AM2982_LC 

L-28-1 

C 

C-1 

AM2982_LCB 

L-28-1 

C 

B-2 (Note 4) 

AM2982_LM 

L-28-1 

M 

C-3 

AM2982_LMB 

L-28-1 

M 

B-3 

AM2982_XC 

Dice 

C 

\ Visual inspection 

1 to MIL-STD-883 

AM2982-XM 

Dice 

M 

1 Method 201 OB. 


Notes: 1. D = Hermetic DIP, L = Chip-Pak™. Number following letter is number of leads. 

2. C = 0 to +70°C, Vcc = 4.50 to 5.50V, M = -55 to +125“C, Vcc = 4.50 to 5.50V. 

3. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class 6. 

4. 160 hour burn-in. 
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Am29861/62/63/64 

Am29861/Am29862/Am29863/Am29864 
SWITCHING CHARACTERISTICS (Ta = +25°C. Vcc = 5.0V) 


Parameter 

Description 

Test Conditions 

Min 

^Typi 

1 Max 

Units 

tPLH 


C|_ = 50pF ^ 



ns 

tPHL 

Propagation Delay from R, to T| or Tj to Rj 



ns 

tpLH 

Am29861/Am29863 (Noninverting) 

Cl = 300pI^ 



^ 11 

ns 

tPHL 




11 

ns 

tPLH 




4.0 

5 

ns 

tPHL 

Propagation Delay from Rj to Tj or Tj to Rj 



4.0 

5 

ns 

tPLH 

Am29862/Am29864 (Inverting) 

4 




10 

ns 

tPHL 





10 

ns 

tZH 


'=L = 50pF 


6.5 


ns 

tZL 

m 

Output 


9.5 


ns 

tZH 

OER to 

Cl = 300pF 




ns 

tZL , 





ns 

tHZ 


Cl = 5pF 




ns 

tLZ 

Disab*ime OET to T\ and 




ns 

tHZ 

l^toRi 

Cl = 50pF 


11.2 


ns 

tLZ 



4.2 


ns 


Am29861/Am29862/Am29863/Am29864 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 


Parameters 


tpLH 


tPHL 


tPLH 


tPHL 


tpLH 


tPHL 


Description 


Propagation Delay from 
Rj to Tj or Tj to Rj 
Am29861/Am29863 (Noninverting) 


Propagation Delay from 
Rj to T[or Tj to Rj 
Am29862/Am29864 (Invertiri 


ptp ut Dis able Time OET to 
Tj or OER to Rj 




COM’L 

MIL 



Ta = 0 to -l-TO^C 
Vcc = 5.0V ± 10% 

^V " 


|o +125X 
p ± 10% 


Test Conditions 

Min 



m 

1 Max 

Units 

Cl = 50pF 





1 " 

ns 

10 



W ^2 

ns 

Cl = 

m.m » ^ 

k 


17 

ns 



17 

ns 




11 

ns 



9 


11 

ns 



14 


16 

ns 



14 


16 

ns 

= 50pF 


15 


17 

ns 


15 


17 

ns 

Cl = 300pF 


18.5 


20.5 

ns 


18.5 


20.5 

ns 

Cl = 5pF 


10 


12 

ns 


10 


12 

ns 

Cl = 50pF 


18.5 


20.5 

ns 


18.5 


20.5 

ns 
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Am29861/62/63/64 


DEFINITION OF FUNCTIONAL TERMS 

Am29861/Am29862 

OER When LOW is in conjunction with OET HIGH indicates the 
RECEIVE mode. 

OET When LOW in conjunction with OER HIGH indicates the 
TRANSMIT mode. 

Rj 10-bit RECEIVE input/output. 

Tj 10-bit TRANSMIT input/output. 

Am29883/Am29884 

OERj When both are LOW in conjunction with OETj both HIGH 
indicates the RECEIVE mode. 

OET| When both are LOW in conjunction with OERj both HIGH 
indicates the TRANSMIT mode. 

R| 9-bit RECEIVE input/output. 

Tj 9-bit TRANSMIT input/output. 


FUNCTION TABLES 
Am29881/Am29883 (Noninverting) 


Inputs 

Outputs 




■a 

Tj 

mm 

mm 


L 


L 


N/A 

L 

Transmitting 

L 




N/A 

H 

Transmitting 


L 


L 

L 

N/A 

Receiving 

H 

L 



H 

N/A 

Receiving 

H 

H 

X 


Z 

Z 

Hl-Z 


Am29882/Am29884 (inverting) 


Inputs 

Outputs 

Function 

OET 

OER 

Ri 

Tj 

Ri 

T| 

L 

H 

L 

N/A 

N/A 

H 

Transmitting 

L 

H 

H 

N/A 

N/A 

L 

Transmitting 

H 

L 

N/A 

L 

H 

N/A 

Receiving 

H 

L 

N/A 

H 

L 

N/A 

Receiving 

H 

H 

X 

X 

Z 

Z 

Hl-Z 


H = HIGH X = Don’t Care 

L = LOW N/A = Not Applicable 

Z = High Impedance 


SWITCHING TIME WAVEFORMS AND AC TEST CIRCUITS 


PROPAGATION DELAY 


ENABLE AND DISABLE TIMES 



VqH 

1.5V 

VOL 


Enable 


Disable 



Notes: 1. Diagram shown for Input Control Enable-LOW and Input 
Control Disable-HIGH. 

2. S-i and $2 of Load Circuit are closed except where shown. 


LOAD TEST CIRCUIT 



ABI-098 

Note: Pulse Generator for All Pulses: Rate 10MHz: Zq = 500; tr ^ 2.5ns; tf ^ 2.5ns. 
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Am25S05 

Four-Bit by Two-Bit Two’s Complement Multiplier 


Distinctive Characteristics 

• Provides 2's complement multiplication at high speed 
without correction. 

• Can be used in a combinatorial array or in a time 
sequenced mode. 

• Multiplies two 12-bit signed numbers in typically 
115 ns. 


• Multiplies in active HIGH (positive logic) or active 
LOW (negative logic) representations. 

• Reduced input loading as compared to Am2505. 

• 100% reliability assurance testing in compliance with 
MIL-STD-883. 


FUNCTIONAL DESCRIPTION 

The Am25S05 is a high-speed digital multiplier that can multiply numbers represented 
in the 2's complement notation and produce a 2's complement product without 
correction. The device consists of a 4x2 multiplier that can be connected to form 
iterative arrays able to multiply numbers either directly, or in a time sequenced 
arrangement. The device assumes that the most significant digit in a word carries a 
negative weight, and can therefore be used in arrays where the multiplicand and 
multiplier have different word lengths. The multiplier uses the quaternary algorithm 
and performs the function S = XY + K where K is the input field used to add partial 
products generated in the array. At the beginning of the array the K inputs are avail¬ 
able to add a signed constant to the least significant part of the product. Multiplication 
of an m bit number by an n bit number in an array results in a product having m-tn 
bits so that all possible combinations of product are accounted for. If a conventional 
2's complement product is required the most significant bit can be ignored, and 
overflow conditions can be detected by comparing the last two product digits. 

A number of connection schemes are possible. Figure 1 shows the connection scheme 
that results in the fastest multiply. If higher speed is required an array can be split 
into several parts, and the parts added with high-speed look-ahead carry adders. 
Provision is made in the design for multiplication in the active high (positive logic) 
or active low (negative logic) representations simply by reinterpreting the active level 
of the input operands, the product, and a polarity control F. 


LOGIC SYMBOLS 

ACTIVE LOW ACTIVE HIGH 


7 6 6 4 3 1 19 18 17 16 7 6 5 4 3 1 19 18 17 16 



RELATED PRODUCTS 
Part No. Description 

Am25LS14A 8-Bit Serial/Parallel Multiplier 

Am25LS557/8 8-Bit by 8-Bit Multiplier 

Am29516/7 16-Bit by 16-Bit Multiplier 


LOGIC DIAGRAM 



Am25S05 ORDERING INFORMATION 


CONNECTION DIAGRAM 


Top View 


Package 

Type 

Temperature 

Range 

Order 

Number 

Molded DIP 

O^Cto +75° C 

AM25S05PC 

Hermetic DIP 

0°C to +75° C 

AM25S05DC 

Dice 

0°C to +75° C 

AM25S05XC 

Hermetic DIP 

-55°Cto +125° C 

AM25S05DM 

Hermetic Flat Pak 

-55°Cto +125^0 

AM25S05FM 

Dice 

-55°Cto +125°C 

AM25S05XM 


DIP package is 24 pin 0.6" wide. 


'''CCY-I ''o ''l ^ S5 S4 Cn , 4 

„DDnEiD.nDD.nDna, 

24 23 22 21 20 19 18 17 16 15 14 13 | 


) Am25S05 

*1 2 3 4 5 6 7 8 9 10 11 12 

uuuuuuuuuuuu 

’^4 ^3 ^2 ^0 ^“1 ^0 ^1 ^2 S3 GND 

Note: Pin 1 is marked for orientation. 


9-1 











Am25S05 

MAXIMUM RATINGS {Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125”C 

Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous 

-0.5V to+7V 

DC Voltage Applied to Outputs for High Output State 

-0.5V to +Vcc rnax. 

DC Input Voltage 

-0.5V to +5.5V 

Output Current, Into Outputs 

' 30 mA 

DC Input Current 

-30 mA to +5 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am25S05XC, DC, PC Ta = 0°C to+75°C Vcc = 4:75 V to 5.25 V 

Am25S05XM, DM Ta = -55°C to +125°C Vcc = 4.50 V to 5.50 V 

Am25S05FM Tq =-55°C'to+125°C Vcc = 4.50 V to 5.50 V 


Parameters 

Description 

. Test Conditions 


Min. 

Typ. (Note 1) 

Max. 

Units 

Vqh 

Output HIGH Voltage 

Vcc = min., IqH 

XM 

2.5 

3.3 


Volts 

V|N = V|H or V|L 

xc 

2.7 

3.3 


VOL 

Output LOW Voltage 

Vcc = min., IOL = 20mA 

V|N = V|H or V|L 


0.3 

0.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V,L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

l|L (Note 2) 

Unit Load 

Input LOW Current 

Vcc = max., V|n =0.5V 



-2.0 

mA 

l||-j (Note 2) 

Unit Load 

Input HIGH Current 

Vcc = max., V|N = 2.7 V 

1 


50 

juA 


Input HIGH Current 

Vcc = max., V||si = 5.5V 



1.0 

mA 

'sc 

Output Short Circuit Current 

Vcc = max., VquT = o.ov 

-40 


-100 

mA 

'cc 

Power Supply Current 

Vcc = max., Yi =.ov 


120 

175 

mA 


Note 1. Typicai Limits are at Vqq = 5. OV, 25°C Ambient and maximum loading. 

Note 2. Actual input currents are obtained by multiplying unit load current by the input load factor. (See loading rules) 


Switching Characteristics (Vcc = 5 V, Ta = 25°C, Cl = i5pF, Rl = 280^2) 


Parameters 

From (Input) 

To (Output) 

Test Conditions 

Min. 

Typ. 

Max. 

Units 

tPLH 

tPHL 

Cn 

Cn+4 


4 

4 

8 

9 

12 

14 

ns 

tPLH 

Cn 

So,1,2,3 


6 

12 

18 

ns 

tPHL 


5 

10 

15 


tPLH 

Cn 

S4,5 


7 

15 

22 

ns 

^PHL 


6 

13 

20 


tPLH 

Any k 

Cn+4 


3 

6.5 

12 

ns 

tpHL 



5 

10 

15 


tPLH 

Any k 

So, 1,2,3 


6 

13.5 

20 

ns 

tpHL 


4 

9.5 

14 


tPLH 

Any k 

S4,5 


, 3 

15.5 

23 

ns 

<PHL 

See Test Table 

3 

12.5 

19 











tpLH 

Any X 

Cn+4 


8 

17 

26 

ns 

'PHL 


9 

18 

27 


tPLH 

Any X 

So,1.2,3 


10 

21 

32 

ns 

^PHL 



10 

21 

32 


^PLH 

Any X 

54^5 


6 

23.5 

35 

ns 

^PHL 


b 

21.5 

32 


^PLH 

Any y 

Cn+4 


11 

23 

34 

ns 

^PHL 



10 

20 

30 


tpLH 

Any y 

So,1,2,3 


11 

23 

34 

ns 

^PHL 



11 

23 

34 


^PLH 

Any y 

S4,5 


12 

25 

37 

ns 

<PHL 



12 

25 

37 
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Am25S05 


SWITCHING TIME TEST TABLE 


Input 

Outputs 

Inputs at OV (remaining inputs at 4.5V) 

Cn 

Cn+4/ Soi23» S45 

P, Y_i, Yi, All X 

•<0 

So 123. S45 

P, Y.1, Yi, All X 


Cn-t-4.Sl23. S45 

P, Y_i, Yi, All X 

•<2 

Cn+4. S23. S45 

P. Y_i, Yi, All X 

l<3 

S3 

P. Y_i, Y-i, All X 

•<3 

S45 

P, Y_1, Yi, All X, Cn 


Cn-f^4. S0123. S45 

P, Yi, All k 

XQ 

Cn-h4. S0123, S45 

P, Y_i, Yi, All k 

XI 

Cn-H4. Si 23. S45 

P, Y_i,Yi, All k 

X2 

Cn+4. Si 23. S45 

P, Y_i, Yi, All k 

X3 

S3 

P, Y_i, Yi, All k 

X3 

S45 

P, Y_i, Yi, All k, Cn 

X4 

S45 

P, Yi.Allk, Cn 

y-1 

Cn+4. S0123. S45 

P, Xi, X2, X3, X4, All k 

VO 

Cn+4, $0123. S45 

P, Xi, X2, X3, X4, All k 

VI 

1 

Cn-h4. S0123. S45 j 

Xq. Xi, X2, X3, X4, All k 


DEFINITION OF TERMS 

SUBSCRIPT TERMS: 

H HIGH, applying to a HIGH logic level or when used with Vcc 
to indicate high Vcc value. 

I Input. 

L LOW, applying to LOW logic level or when used with Vcc to 
indicate low Vqc value. 

0 Output. 

FUNCTIONAL TERMS 

Cp The carry input to the high-speed adder. 

Cn +4 The carry output from the high-speed adder, 
kj The constant field used for accumulating partial products, 
i = 0, 1, 2, 3. At the beginning of the array the K field can be used 
to add a 2's complement number to the least significant half of 
the double length product. 

P The polarity control input. This input must be at a low-logic 
level for numbers in the active high logic representation, and held 
high for numbers in the active low logic representation. 

S| The product outputs, i = 0, 1, 2, 3, 4, 5. 

Xj The multiplicand inputs, i = -1,0,1,2,3,4. At the first column 

9- 


of the array x_i must be held at logic 'O', and at the last column 
of the array X 4 is connected to X 3 . 

Yj The multiplier inputs. I =-1,0,1. 

At the first row of the array y,-) must be held at logic 'O'. 


OPERATIONAL TERMS: 

I|L Forward input load current. 

Iqh Output HIGH current, forced out of output in Vqh test. 

Iql Output LOW current, forced into the output in Vql test. 
Icc The current drawn by the device from Vqc power supply 
with input ^nd output terminals open. 

I|H Reverse input load current. 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

V|H Minimum logic HIGH input voltage. 

V|L Maximum logic LOW input voltage. 

V||\| Input voltage applied in IiL, Ijn tests. 

Vqh Minimum logic HIGH output voltage with output HIGH 
current Iqh flowing out of output. 

Vql Maximum logic LOW output voltage with output LOW 
current Iql flowing into output. 
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Am25S05 


MSI INTERFACING RULES 

Equivalent 

Interfacing Input Unit Load 

Digital Family HIGH LOW 

Am25S05 LOADING RULES IN UNIT LOADS 
input 

Unit Load Fanout 

input Input Output Output 

Advanced Micro Devices 54/7400 Series 1.25 

1.25 

Input/Output 

Pin No. s 

HIGH LOW 

HIGH 

LOW 

Advanced Micro Devices 9300/2500 Series 1.25 

1.25 

X4 

1 

0.2 0.2 

- 

- 

FSC Series 9300 

1.25 

1.25 

Cn 

2 

0.2 0.2 

- 

- 

Tl Series 54/7400 

1.25 

1.25 

^3 

3 

0.2 0.2 

- 

- 

Signetics Series 8200 

2.5 

2.5 

X2 

4 

0.4 0.4 

- 

- 

National Series DM 75/85 

1.25 

1.25 

XI 

5 

0.4 0.4 

- ' 

- 

DTL Series 930 

15 

1.25 

xo 

6 

0.4 0.4 


- 




x -1 

7 

0.2 0.2 

- 

- 




So 

8 

- 

20 

10 




Si 

9 

- 

20 

10 




S2 

10 

- 

20 

10 

OPERATION TABLE 


S3 

11 

- 

20 

10 




GND 

12 




Y Multiplier 

Operation 



~ 

~ 


Cn+4 

13 


20 

10 

y-i yo Vi 

X Multiplicand 




S4 

14 

_ _ 

20 

10 








0 0 0 

1 0 0 

0 1 0 

K + 0 

K+ X 

K+ X 


S 5 

15 

- 

20 

10 


k3 

16 

2 2 

- 

- 

1 1 0 

K + 2X 


k2 

17 

2 2 

- 

- 

0 0 1 

K-2X 


kl 

18 

2 2 

- 

- 

1 0 1 

0 1 1 

1 1 1 

K - X 

K-X 

K - 0 


ko 

19 

2 2 

- 

- 


P 

20 

1 1 

- 

- 





21 

0.6 0.6 



. 

, 


VI 

~ 


■r = Low, '0' = High, P = High 


YO 

22 

0.6 0.6 

- 

- 

Active High Inputs and Outputs 

'1' - Uinh 'n' - I r«Ai P - I r..A, 


y -1 

23 

0.6 0.6 

- 

- 




Vcc 

24 

- 

- 

- 




A Schottky TTL Unit Load Is defined as 50^uA at 2.7V at the HIGH 
Logic Level and — 2.0 mA at 0.5 V at the LOW Logic Level. 

USER NOTES 

1. Arithmetic in the multiplier is performed in the 2's com¬ 
plement notation, which requires a carry in at the first 
stage. This is accomplished by connecting the y| 
multiplier bit to the appropriate carry input terminal 

i = 1,3,5... 

2. The multiplier can perform multiplication in either the 
active high (positive logic) or active low (negative logic) 
representations by reinterpreting the active logic level 
and by grounding or leaving the polarity control pin P 
open circuit respectively. 

3. Multiplication can be performed in number representa¬ 
tions other than 2's complement by either correcting 
the 2's complement product or adding in a correction at 
the beginning of the multiplication at the K inputs. 2's 
complement numbers are represented as: X 2 = x-Xs 2"“"’. 

Number 

representation Correction 

2's complement None 

1's complement Add XsY 2 + ysX 2 + Xgys at k inputs 
Unsigned 

(magnitude) Extend multiplier and multiplicand 
one bit at the least significant end. 
Form xgyo + Yo^ xqY with con¬ 
ditional adder.and add to array shifted 
two places up at k inputs. Force 
ks, Ys, xs = 0. 

Sign magnitude Xg = 0, yg = 0 None 

Xs = 1, Vs = 0 Form [(XY )2 + 2""'' y] 
xs = 0, ys=1 Form [(XY )2 + 2"-''x] 
xs=1,ys=1 Add2n-i(x + y)-22n-2 

4. For the highest speed array with the multipliers arranged 
in a parallelogram structure carries between certain mul¬ 
tipliers are exchanged with the y carry-ins needed for 

2's complement subtract. The delays in the array are 
then equalized as best possible as shown in Figure 1. 

5. For higher speed multiplication the array can be split 
into several parts that can be added together with high¬ 
speed adders. 

6. Rounding off to a single length product can be achieved 
by adding a '1' to the array at the most significant 
positive k input of the array, ignoring the most signifi¬ 
cant product digit, and using the remainder of the most 
significant part of the product. 

7. Truncation of a product without round off enables some 
of the multipliers in the array to be removed. 
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Am25S05 


CONNECTrON SCHEMES 





PARALLELOGRAM 
CARRIES STAY 
IN SAME ROW 


PARALLELOGRAM 
CARRIES FROM 
LOWER ORDER 
MULTIPLIERS SKIP 
TO ALTERNATE ROWS 
WHERE POSSIBLE 


TYPICAL MULTIPLICATION TIMES 

Total Package Coi 

Multiplication - 1 - 

Time (ns) Am25S05 Am 


Package Count 

Am25S05 

Am54S/74S181 

2 

8 

18 

18 

5 

32 

32 

7 

32 

16 

50 

* 

50 

9 

72 

72 

11 

72 

24 

98 

98 

13 

128 

128 

15 

128 

32 




.. 

H H H H 



SPLIT INTO 
TWO PARTS WHICH 
ARE ADDED WITH 
HIGHSPEED 

CARRY LOOKAHEAD ADPC" 


Tr -' u 11 * 


Y = (y_i VQ y-|) 2^^ 

X = (x_-, XQ x-i X 2 X3)2® 












Am25LS07*Am25LS08 

Hex/Quad Parallel D Registers with Register Enable 


DISTINCTIVE CHARACTERISTICS 

• 4-bit and 6-bit parallel registers 

• Common Clock and Common Enable 

• Positive edge triggered D flip flops 

• Am25LS d. c. parameters including: 

VoL = 0-45V at Iql = 8mA 
Fan-out over military range = 22 
440juA source current 

• Second sourced by Tl as 54LS/74LS378 and 379 


RELATED PRODUCTS 

Part No. Description 

Am2918 Quad D Register 

Am2919 Quad D Register 


FUNCTIONAL DESCRIPTION 

The Am25LS07 is a 6-bit Low Power Schottky register with 
a buffered common register enable. The Am25LS08 is a 
4-bit register with a buffered common register enable. The 
devices are similar to the Am54LS/74LS174 and Am54LS/ 
74LS175 but feature the common register enable rather 
than common clear. 

Both registers will find application in digital systems where 
information is associated with a logic gating signal. When 
the enable is LOW, data on the D inputs is stored in the 
register on the positive going edge of the clock pulse. When 
the enable is HIGH, the register will not change state re¬ 
gardless of the clock or data input transitions. 


LOGIC DIAGRAMS 
Am25LS07 



Am25LS08 

Dq D] D 2 D3 



Qo Qq Qi Qi Q2 ^2 Q 3 Q3 


CONNECTION DIAGRAMS 


Top Views 

Am25LS07 

Dg CP 

n n n n n n 



1 2 3 4 5 6 7 

□ u u u u u u u 

E Qq Dq O'! O'! D2 Q2 GND 


Am25LS08 

^CC °3 °3 ^^3 *^2 °2 

nnnnnnnn 

16 15 14 13 12 11 10 9 

Am25LS08 


2 3 4 5 6 7 8 

□ □' u .Q-a"D 

E Qq Qq Dq Di Q^ Q-j GND 


ORDERING INFORMATION 


Package 

Type 

Temperature 

Range 

Order 

Number 

Molded DIP 

0 to +70°C 

AM25LS07/08PC 

Hermetic DIP 

0to+70°C 

AM25LS07/08DC 

Dice 

0 to -h70°C 

AM25LS07/08XC 

Hermetic DIP 

-55 to +125°C 

AM25LS07/08DM 

Hermetic Flat Pack 

-55to+125°C 

AM25LS07/08FM 

Dice 

-55 to +125°C 

AM25LS07/08XM 


Note: Pin 1 is marked for orientation. 
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Am25LS07 • Am25LS08 

Am25LS07 • Am25LS08 
ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM'L Ta = 0°c to+70°C Vcc = 5.0V ± 5% (MIN. = 4.75V MAX. = 5.25V) 

MIL TA = -55°Cto+125°C Vcc = 5.0V ±10% (MIN. = 4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE Tvd 


Parameters 

Description 

Test Conditions (Note 1) 


Min. 

(Note 2) 

Max. 

Units 

Vqh 

Output HIGH Voltage 

Vcc ~ min., Iqh ~ —440/liA 

COM'L 

2.7 

3.4 


Volts 

V|N = V|H or V|L 

MIL 

2.5 

3.4 


VOL 

Output LOW Voltage 

Vcc = MIN. 

•OL'^'^A 



0.4 

Volts 

V|N = V|H or V|L 

IOL“8mA 



0.45 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 

COM'L 



0.8 

Volts 

voltage for ail inputs 

MIL 



0.7 

V| 

Input Clamp Voltage 

Vcc “ min., I||\| = —18mA 



-1.5 

Volts 

«IL 

Input LOW Current 

Vcc = MAX., VIN = 0.4V 

Clock, E 



-0.36 

mA 

Others 



-0.24 

•IH 

Input HIGH Current 

Vcc = max., V|n =2.7V 

Clock, E 



20 

mA 

Others 



14 

h 

Input HIGH Current 

Vcc = max., V|n = 7.0V 



0.1 

mA 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-85 

mA 

•cc 

Power Supply Current 

Vcc = max. (Note 4) 

LS07 


16 

22 

mA 

LS08 


11 

18 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0 V, 25 C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Outputs open; enable grounded; data inputs at 4.5V, measured after a momentary ground, then 4.5V applied to the clock input. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°CtoH-150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

-0,5V to +7.0V 

DC Voltage Applied to Outputs for HIGH Output State 

-0.5 V to+Vcc rnax- 

DC Input Voltage 

-0.5V to +7.0V 

DC Output Current, Into Outputs 

30 mA 

DC Input Current 

-30 mA to+5.0 mA 


SWITCHING CHARACTERISTICS 

(TA = +25°a Vcc = 5.0 V) 


Parameters 

Description 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

tPLH 

Clock to Output 


13 

20 

ns 


<PHL 

Clock to Output 


13 

20 

ns 


tpw 

Clock Pulse Width 

17 



ns 


^s 

Data 

20 



ns 

C|_ = 15pF 

^s 

Enable 

30 



ns 

Rl_ = 2.0kJ2 

th 

Data 

5.0 



ns 


th 

Enable 

5.0 



ns 


Wx (Note 1) 

Maximum Clock Frequency 

40 

65 


MHz 



Note 1. Per industry convention, fmax the worst case value of the maximum device operating frequency with no constraints on tr, tf, 
pulse width or duty cycle. 
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Am25LS07 • Am25LS08 


SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE* 

Parameters Description 

Am25LS COMX 

Am25LS MIL 

Units Test Conditions 

Ta = 0°C to +70°C 
Vcc = 5.0V ±5% 
Min. Max. 

Ta = ~55°Cto +125°C 
Vcc = 5.0V ±10% 
Min. Max. 

Tplh 

Clock to Output 


30 


35 

ns 

Cl = 50pF 

Rl = 2.0kn 

*PHL 



30 


35 

ns 

^pw 

Clock Pulse Width 

26 


30 


ns 

ts 

Data 

30 


35 


ns 

ts 

Enable 

43 


50 


ns 

th 

Data 

IT 


12 


ns 

rasi 

Enable 

11 


12 


ns 

HESBBID 


30 


25 


MHz 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


DEFINITION OF FUNCTIONAL TERMS 

□i The D flip-flop data inputs. 

E Enable. When the enable is LOW, data on the Dj inputs is 
transferred to the Qj outputs on the LOW-to-HIGH clock 
transition. When the enable is HIGH, the Qj outputs do not 
change regardless of the data or clock input transitions. 

CP Clock Pulse for the register. Enters data on the LOW-to- 
HIGH transition. 

Qj The TRUE register outputs. 

Qj The complement register outputs 


FUNCTION TABLE 


inputs 

Outputs 

E 

Di 

CP 

Qi 

Qi 

H 

X 

X 

NC 

NC 

L 

X 

H 

NC 

NC 

. L 

X 

L 

NC 

NC 

L 

L 

t 

L 

H 

L 

H 

t 

H 

L 


H = HIGH NC = No Change 

L = LOW X = Don't Care 

t = LOW-to-HIGH Transition 
Qj on Am25LS08 Only 


LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


LOGIC SYMBOLS 


Am25LS07 




1 3 4 6 II 13 14 

, n I I I I I 

E Do Di D? D3 D4 D5 

Am25LS07 
6 -BIT REGISTER 

Qq Qi O 2 Q3 O4 O5 


2 5 7 10 12 , 15 


Am25LS08 


A 

4 5 12 

.. 1 1 1 

13 

1 

E 

Dq Di D 2 

D3 

CP 

Am25LS08 


4-BIT REGISTER 



Qq Qj O 2 

°3 


TTTTTTTT 


3 2 67 11 10 14 15 


Note: Actual current flow direction shown. 


Vcc “ Pin 16 
GND = Pin 8 
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Am25S07*Am25S08 

Hex/Quad Parallel D Registers with Register Enable 


Distinctive Characteristics • Positive edge triggered D flip-flops 

• 4-bit and 6-bit high-speed parallel registers 

• Common clock and common enable 


FUNCTIONAL DESCRIPTION 

The Am25S07 is a 6-bit, high-speed Schottky register with 
a buffered common register enable. The Am25S08 is a 4-bit 
register with a buffered common register enable. The de¬ 
vices are similiar to the Am54S/74S174 and Am54S/74S175 
but feature the common register enable rather than 
common clear. 

Both registers will find application in digital systems where 
information is associated with a logic gating signal. When 
the enable is LOW, data on the D inputs is stored in the 
register on the positive going edge of the clock pulse. When 
the enable is HIGH, the register will not change state re¬ 
gardless of the clock or data input transitions. 


LOGIC SYMBOLS 

Am25S07 Am25S08 



RELATED PRODUCTS 
Part No. Description 


Am25LS07/08 

Am2918 

Am2919 

Am29821-26 


Low Power Versions 
Quad D Register 
Quad Register 
8, 9,10-Bit Register 


LOGIC DIAGRAMS 
Am25S07 



Am25S08 

Do Di D2 D3 



Qo Qo Qi Qi 'Q 2 Q 2 'Q 3 Q 3 MPR-346 


ORDERING INFORMATION 

CONNECTION DIAGRAMS 




Tod Views 

Package 

Temperature 

Order 



Type 

Range 

Number 

Am25S07 

Am25S08 

Molded DIP 

0to+70°C 

AM25S07/08PC 

'^CC Q5 °5 ^4 Q4 °3 ^3 

Vcc Q3 °3 °3 °2 °2 ^2 CP 

Hermetic DIP 

0to+70°C 

AM25S07/08DC 

nnnnnnnn 

nnnnnnnn 

Dice 

Oto +70°C 

AM25S07/08XC 

I 16 15 14 13 12 11 10 9 

1 16 15 14 13 12 11 10 9 


Hermetic DIP 

-55to+125°C 

AM25S07/08DM 

L 

1 


Hermetic Fiat Pack 

-55to+125°C 

AM25S07/08FM 

) Am25S07 

) Am25S08 


Dice 

-55 to+125°C 

AM25S07/08XM 


f. 





1 1 2 3 4 5 6 7 8 

1 1 2 3 4 5 6 7 8 





uuuuuuuu 

u u u u u u u u 




E Qq Dq D-j D 2 Q2 GND 

E Qq Qq Dq Q., 0^ GND 




MPR-347 

MPR-348 




Note: Pin 1 is marked for orientation. 
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Am25S07 • Ani25S08 

MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125'’C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

-0.5V to+7 V 

DC Voltage Applied to Outputs for HIGH Output State 

—0.5 V to +Vcc 

DC Input Voltage 

-0.5 V to+5.5 V 

DC Output Current, Into Outputs 

30 mA 

DC Input Current 

—30 mA to+5.0 mA 


ELECTRICAL CHARACTERfSTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am25S07XC, Am25S08XC T/s, = 0°C to+70°C Vcc = 5.0V ±5% (COM'L) MIN. = 4.75V MAX. = 5.25 V 

Am25S07XM, Am25S08XM = -55°C to+125°C Vqc = 5.0V ±10% (MIL) MIN. = 4.5V MAX. = 5.5V 


Parameters 

Description 

Test Conditions (Note i) 

Min. 

Typ.(Note 2) 

Max. 

Units 

Vqh 

Output HIGH Voltage 

Vqq = MIN., Iqh ~—I FoA 

XC 

2.7 

3.4 


Volts 

V|N = V|H or V|L 

XM 

2.5 

3.4 


Vql 

Output LOW Voltage 

Vqc ~ MIN., Iql ~ 20mA 

V|(vi = V|H or V|L 



0.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = MIN.,l|rj 

= —18mA 




-1.2 

Volts 

•iL 

(Note 3) 

Unit Load 

Input LOW Current 

Vcc = max., V|N = 0.5V 



-2 

mA 

•IH 

(Note 3) 

Unit Load 

Input HIGH Current 

Vcc = MAX., V|N ="2.7V 



50 

nA 

•l 

Input HIGH Current 

Vcc = MAX., V||M = 5.5V 



1.0 

mA 

•sc 

Output Short Cirbuit Current (Note 4) 

Vcc = max. 

-40 


-100 

mA 

•cc 

Power Supply Current (Note 5) 

__ ^^^^_i 

Vcc = max. 

S07 


90 

144 

mA 

SOS 


60 

96 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0V, 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Outputs open; enable grounded; data inputs at 4.5V, measured after a momentary ground, then 4.5V applied to the clock input. 


Switching Characteristics (Ta = +25°C) 


Parameters 

Description 

Test Conditions 

Min. 

Typ. 

Max. 

Units 

tPLH 

Clock to Output 


4 

8 

12 

ns 

tPHL 

Clock to Output 


4 

11.5 

17 

ns 

tpw 

Clock Pulse Width 


7 



ns 

ts 

Data 

Vcc = 5.0V, C|_ = 15 pF, R |_ = 2 S 0 fl 

5.5 



ns 

^s 

Enable 


9 



ns 

th 

Data 

■ 

3 



ns 

^h 

Enable 


3 



ns 
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Am25S07 • Am25S08 


Am25S07 LOADING RULES 
jin STTL Unit Loads) 


Input/Output 

Pin No.'s 

Input 

Unit Load 

Fan-out 

Output Output 
HIGH LOW 

E 

1 

1 

- 

- 

Qq 

2 

- 

20 

10 

Do 

3 

1 

- 

- 

Dl 

4 

1 

- 

- 

Q1 

5 

- 

20 

10 

D2 

6 

1 

- 

- 

Q2 

7 

- 

20 

10 

GND 

8 

- 

- 

- 

CP 

9 

1 

- 

- 

Q3 

10 

- 

20 

10 

D3 

11 

1 

- 

- 

Q4 

12 

- 

20 

10 

D4 

13 

1 

- 

- 

D5 

14 

1 

- 

- 

Q5 

15 


20 

10 

Vcc 

16 

- 

- 

- 

A Schottky TTL Unit Load 

is defined as 

50mA measured at 


2.7V HIGH and -2.0mA measured at 0.5V LOW. 


DEFINITION OF FUNCTIONAL TERMS 

Dj The D flip-flop data inputs. 

E Enable. When the enable is LOW, data on the Dj inputs is 
transferred to the Qj outputs on the LOW-to-HIGH clock 
transition. When the enable is HIGH, the Qj outputs do not 
change regardless of the data or clock input transitions. 

CP Clock Pulse for the register. Enters data on the LOW-to- 
HIGH transition. 

Qj The TRUE register outputs. 

Qj The complement register outputs 


FUNCTION TABLE 


Inputs 

Outputs 

E 

Di 

CP 

Qi 

Qi 

H 

X 

X 

NC 

NC 

L 

X 

H 

NC 

NC 

L 

X 

L 

NC 

NC 

L 

L 

t 

L 

H 

L, 

H 

. t 

H 

L 


Am25S08 LOADING RULES 
(In STTL Unit Loads) 


Input/Output 

Pin No.'s 

Input 
Unit Load 

Fan-out 

Output Output 
HIGH LOW 

E 

1 

1 

- 

- 

Do 

2 

- 

o 

CM 

10 

Do 

3 

- 

20 

10 

Do 

4 

1 

- 

- 

Dl 

5 

1 

- 

- 

Qi 

6 

- 

20 

10 

Qi 

7 

- 

20 

10 

GND 

8 

- 

- 

- 

CP 

9 

1 

- 

- 

Q2 

10 

- 

20 

10 

Q2 

11 

- 

20 

10 

D2 

12 

1 

- 


D3 

13 

1 

- 

- 

Q3 

14 

- 

20 

10 

Q3 

15 

- 

20 

10 

Vcc 

16 

- 


- 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 


H = HIGH NC = No Change 

L = LOW X = Don't Care 

t = LOW-to-HIGH Transition 
Qj on Am25S08 Only 
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Am25LS09 

Quad Two-Input, High-Speed Register 


DISTINCTIVE CHARACTERISTICS 


FUNCTIONAL DESCRIPTION . 

• 4-bit register accepts data from one-of-two 4-bit input fields 

• Edge triggered clock action 

• Second sourced by T.l. as 54LS/74LS399 

• Am25LSd.c. parameters including: 

— Vql ~ 0.45V at Iql = 

— Fan-out over military range = 22 

— 440)L(A source current 

The Am25LS09 Is a dual port four-bit register using ad¬ 
vanced Low Power Schottky technology to reduce the 
effect of transistor storage time. The register consists of 
four D flip-flops with a buffered common clock, and a two- 
input multiplexer at the input of each flip-flop. A common 
select line, S, controls the four multiplexers. Data pn the 
four inputs selected by the S line is stored In the four flip- 
flops at the clock LOW-to-HIGH transition. When the S in¬ 
put is LOW, the DjA input data will be stored In the register. 


LOGIC SYMBOL 


When the S input is HIGH, the Dje input data will be 
stored in the register. 


1 1 1 1 1 1 1 1 


RELATED PRODUCTS 


DqA Dqb Dia Dib D2A D2B D3A D3b 


Part No. Description 

9 - 

s 

Am25LS09 

CP 

Qq Qi Q2 Q 3 


Am25S09 High Speed Register 

Am25S07/08 6/4-Bit Registers 

Am25LS07/08 6/4-Bit Low Power Registers 

Vcc = Pin 16 

GND = Pin 8 

1 1 1 1 

2 7 10 15 





CONNECTION DIAGRAM 
Top View 

Vcc Q3 DsA D 3B D2B D2A ^2 CP 



3 4 5 6 7 


uuuuuuuu 

s Qq Dqb Dib Dia Qi gnd 


ORDERING INFORMATION 


Package 

Temperature 

Order 

Type 

Range 

Number 

Molded DIP 

0 to +70°C 

AM25LS09PC 

Hermetic DIP 

0to>70°C 

AM25LS09DC 

Chip-Pak 

0to-H70PC 


Dice 

0to-h70°C 

AM25LS09XC 

Hermetic DIP 

-55 to-h125°C 

AM25LS09DM 

Hermetic Flat Pack 

-55to-h125°C 

AM25LS09FM 

Chip-Pak 

-55to-h125°C 


Dice 

-55to-t-125°C 

AM25LS09XM 












Am25LS09 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified; 

COM'l: TA = 0°Cto+70°C Vcc = 5.0V ± 5% (MIN. = 4.75V MAX. = 5.25V) 

MIL Ta==- 55°Cto+125°C Vcc = 5.0V ± 10% (MIN. = 4.50V MAX. = 5.50V) 


DC CHARACTERISTICS OVER OPERATING RANGE 


Typ. 

Parameters Description Test Conditions (Note i) Min. (Note 2) Max. Units 


Vqh 

Output HIGH Voltage 

Vcc ~ MIN., Iqh “ —440mA 
V|N = V|H or V|L 

COM'L 

2.7 

3.4 


Volts 

MIL 

2.5 

3.4 


VOL 

Output LOW Voltage 

Vcc = min. 

V|N =V|Hor V|L 

•OL “4mA 



0.4 

Volts 

IOL“8mA 



0.45 

V|H 

Input HIGH Level 

. 

Guaranteed input,logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L. 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs , 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc = MIN., 1|n =-18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max., V|N = 0.4V 

Clock, S 



-0.36 

mA 

Others 



-0.24 

l|H 

' 

Input HIGH Current 

Vcc = max., V|iM =2.7V 

Clock, S 



20 

mA 

Others 



14 


Input HIGH Current 

Vcc = max., V||vi = 7.0V 



0.1 

mA 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-85 

mA 

•cc 

Power Supply Current j 

Vcc = max. (Note 4) 


11 

18 

mA 


Notes: 1. For conditions shown as MIN. or MAX. use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqc = 5.0 V, 25 C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Measured with Select and Clock inputs at 4.5V; all data inputs at OV; all outputs open. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 



-65°Cto+150°C 

Temperature (Ambient) Under Bias 



-55°Cto+125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 



-0.5 V to +7.0 V 

DC Voltage Applied to Outputs for High Output State 



—0.5 V to +Vcc hfiax- 

DC Input Voltage 



-0.5 V to +7.0 V 

DC Output Current, Into Outputs 



30 mA 

DC Input Current 



—30 mA to +5.0 mA 


SWITCHING CHARACTERISTICS 

(Ta = +25°C, Vcc = 5.0V) 


Parameters 

Description 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

fPLH 

Clock to Q HIGH 


13 

20 

ns 


tPHL 

Clock to Q LOW 


13 

20 

ns 


^pw 

Clock Pulse Width 

17 



ns 


ts 

Data Set-up Time 

20 



ns 

Cl = 15pF, 

's 

Select Input Set-up Time 

30 



ns 

RL = 2.0ka 

th 

Data Hold Time 

5 



ns 


% 

Select Input Hold Time 

0 



ns 


•^max (Note 1) 

Maximum Clock Frequency 

40 

65 1 


MHz 



Note 1. Per industry convention, f^ax 'S the worst case value of the maximurn device operating frequency with no constraints on tr, tf, 
pulse width or duty cycle. 
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Am25LS09 


SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE* 

Parameters Description 

Am25LS COM'L 

AmZSLS MIL 

Units Test Conditions 

Ta = 0°C to -l-70°C 
Vcc = 5.0V ±5% 
Min. Max. 

Ta = -55Xto +125X 
Vcc = 5.0V ±10% 
Min. Max. 

tpLH 

Clock to Q HIGH 


30 


35 

ns 

Cl = 50pF 

Rl = 2.0kft 

tpHL 

Clock to Q LOW 


30 


35 


^pw 

Clock Pulse Width 

26 


30 



ts 

Data Set-up Time 

30 


35 


ns 

ts 

Select Input Set-up Time 

43 


50 


ns 

th 

Data Hold Time 

11 


12 


ns 

th 

Select Input Hold Time 

4 


5 


ns 

fmaxINoteD! 

Maximum Clock Frequency 

30 


_ E! _ 1 




*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


DEFINITION OF FUNCTIONAL TERMS 

DoA» 1^1 A'The "A" word into the two-input 
multiplexer of the D flip-flops. 

1^1 B' ^2B> DSB The "B" word into the two-input 
multiplexer of the D flip-flops. 

Qo, Q-j, Q2, Q3 The outputs of the four D-type flip-flops of 
the register. 

S Select. When the select is LOW, the A word is applied to 
the D inputs of the flip-flops. When the select is HIGH the B 
word is applied to the D inputs of the flip-flops. 

CP Clock Pulse. Clock pulse for the register. Enters data on 
the LOW-to-HIGH transition of the clock line. 


FUNCTION TABLE 


SELECT 

CLOCK 

DATA 

INPUTS 

OUTPUT 

S 

CP 

D|A 

DiB 

Qi 

L 

t 

L 

X 

L 

L 

t 

H 

X 

H 

H 

t 

X 

L 

L 

H 

♦ 

X 

H 

H 


H = HIGH Voltage Level L = LOW Voltage Level 

X = Don't Care i =0,1,2, or 3 

t = LOW-to-HIGH Transition 


Am25LS • Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 
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Am25S09 

Quad Two-Input, High-Speed Register 


Distinctive Characteristics 

• Four-bit register accepts data from one of two 4-bit • Electrically tested and optically inspected dice for 

input fields. the assemblers of hybrid products. 

• Edge triggered clock action 

• High-speed Schottky technology. 


FUNCTIONAL DESCRIPTION 

The Am25S09 is a dual port high-speed, four-bit register 
using advanced Schottky technology to reduce the effect 
of transistor storage time. The register consists of four D 
flip-flops with a buffered common clock, and a two-input 
multiplexer at the input of each flip-flop. A common select 
line, S, controls the four multiplexers. Data on the four 
inputs selected by the S line is stored in the four flip-flops 
at the clock LOW-to-HIGH transition. When the S input is 
LOW, the DjA input data will be stored in the register. 
When the S input is HIGH, the DjB input data will be 
stored in the register. 

RELATED PRODUCTS 

Part No. Description 

Am25LS09 Low Power Version 

Am25S07/08 6/4-Bit Register 

Am25LS07/08 6/4-Bit Low Power Register 


LOGIC SYMBOL 


3 4 6 5 11 12 14 13 



MPR-349 

Vcc = Pin16 
GND = Pin8 


LOGIC DIAGRAM 

Dia Dib 



ORDERING INFORMATION 

Package Temperature Order 

Type Range Number 


Molded DIP 
Hermetic DIP 
Chip-Pak 
Dice 

Hermetic DIP 
Hermetic Flat Pack 
Chip-Pak 
Dice 


0to+70°C 
0to-f-70°C 
0to-f70°C 
0to+70°C 
-55 to+125°C 
-55to+125°C 
-55 to+125°C 
-55to+125°C 


AM25S09PC 

AM25S09DC 

AM25S09XC 

AM25S09DM 

AM25S09FM 

AM25S09XM 


CONNECTION DIAGRAM 
Top View 

VCC ^3 ^^28 '^2A ^2 

n n n n n n n n 


16 15 14 13 12 11 10 9 

Am25S09 

2 3 4 5 6 7 8 

UUUUUUUU 

^ °0 ^OA ^OB °1B °1A *^1 

Note: Pin 1 is marked for orientation 
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Am25S09 

MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

-0.5 V to+7 V 

DC Voltage Applied to Outputs for High Output State 

-0.5 V to +Vcc rnax. 

DC Input Voltage 

-0.5 V to +5.5 V 

DC Output Current, Into Outputs 

30 mA 

DC Input Current 

—30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am25S09XC = 0°C to+70°C Vqc = 50 V ± 5% (COM'L) MIN. = 4.75 V MAX. = 5.25V 

Am25S09XM = -55°C to+125°C Vcc = 5.0 V ± 10% (Ml L) MIN. = 4.5 V MAX. = 5.5 V 

Parameters Description Test Conditions (Note l) Min. Typ.(Note2) Max. Units 


Vqh 

Output HIGH Voltage 

Vcc = MIN., IoH=-1-0"^A COM'L 

2.7 

3.4 


Volts 

V|[\| = V|H or V|L MIL 

2.5 

3.4 


VOL 

Output LOW Voltage 

Vcc = min., loL = 20.0mA 

V|N = V|H or V|L 


0.3 

0.5 

Volts 

V,H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for ail inputs 

2.0 



Volts 

V,L 

Input LOW Level 

Guaranteed input logical LOW 
vqltage for all inputs 



0.8 

Volts 

V, 

Input Clamp Voltage 

Vcc = min., I|N =-18mA 



-1.2 

Volts 

«IL 

(Note 3) 

Unit Load- 
Input LOW Current 

Vcc = max., V|N = 0.5 V 



-2.0 

mA 

•iH 

(Note 3) 

Unit Load 

Input HIGH Current 

Vcc = max.. V|N = 2.7 V 



50 

HA 

'I 

Input HIGH Current 

Vcc = max., V|N = 5.5V 



1.0 

mA 

•sc 

Output Short Circuit Current 
(Note 4) 

Vcc = max. 

-40 


-100 

mA 

•cc 

Power Supply Current 

Vcc = max. (Note 5) 


75 

120 

mA 


Notes; 1. For conditions shown as MIN. or MAX. use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0 V, 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Measured with Select and Clock inputs at 4.5V; alt data inputs at OV; all outputs open. 


Switching Characteristics (Ta = +25°C) 


Parameters 

Desqription 

Test Conditions 

Min. 

Typ. 

Max. 

Units 

IpLH 

Clock to Q HIGH 



8 

12 

ns 

IPHL 

Clock to Q LOW 



11.5 

17 

ns 

^pw 

Clock Pulse Width 


7 



ns 

ts 

Data Set-up Time 

' Vcc = 5.0V, Cl = 15pF, Rl = 280n 

5.5 



ns 

ts 

Select Input Set-up Time 


10 



ns 

th 

Data Hold Time 


3 



ns 

th 

Select Input Hold Time 


3 



ns 
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Am25S09 


FUNCTION TABLE 


LOADING RULES (In Unit Loads) 


SELECT 

CLOCK 

DATA 

INPUTS 

OUTPUT 

S 

CP 

DiA 

DiB 

Qi 

L 

t 

L 

X 

L 

L 

t 

H 

X 

H 

H 

t 

X 

L 

L 

H 

t 

X 

H 

H 


H = HIGH Voltage Level 
X = Don't Care 
t = LOW-to-HIGH Transition 


L = LOW Voltage Level 
I =0, 1,2, or 3 


Input 

Input/Output Pin No/s Unit Load 


Fan-out 

Output Output 


S 

1 1 


- 

Qo 

2 

20 

10 

Dqa 

3 1 

- 

- 

Dob 

4 1 

- 

- 

Dib 

5 1 

- 

- 

Dia 

6 1 

- 

- 

Qi 

7 

20 

10 

GND 

8 

- 

- 

CP 

9 1 

- 

- 

Q2 

10 

20 

10 

D2A 

11 1 


- 

D2B 

12 1 

- 

- 

D3B 

13 1 

- 

- 

D3A 

14 1 

- 

- 

Q3 

15 

20 

10 

Vcc 

16 

- 

- 


A Schottky TTL Unit Load is defined as 50)aA measured at 2.7 V 
HIGH and —2.0 mA measured at 0.5 V LOW. 


DEFINITION OF FUNCTIONAL TERMS 

^OA’ ^1A' l^2A/ "A" word into the two-input 

multiplexer of the D flip-flops. 

DQB' DiB' ^2Bf ^3B The “B" word into the two-input 
multiplexer of the D flip-flops. 

Qq, Qi, Q2> Qs The outputs of the four D-type flip-flops of 
the register. 

S Select. When the select is LOW, the A word is applied to 
the D inputs of the flip-flops. When the select is HIGH the B 
word is applied to the D inputs of the flip-flops. 

CP Clock Pulse. Clock pulse for the register. Enters data on 
the LOW-to-HIGH transition of the clock line. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown 









































Am25S10 

Four-Bit Shifter with Three-State Outputs 


Distinctive Characteristics 

• Shifts 4-bits of data to 0, 1, 2 or 3 places under con¬ 
trol of two select lines. 

• Three-state outputs for bus organized systems. 


6.5 ns typical data propagation delay 
Alternate source is 54S/74S350 


FUNCTIONAL DESCRIPTION 

The Am25S10 is a combinatorial logic circuit that accepts a 
four-bit data word and shifts the word 0, 1, 2 or 3 places. 
The number of places to be shifted is determined by a two- 
bit select field Sq and S^. An active-LOW enable controls 
the three-state outputs. This feature allows expansion of 
shifting over a larger number of places with one delay. 

By suitable interconnection, the Am25S10 can be used to 
shift any number of bits any number of places up or down. 
Shifting can be logical, with logic zeroes pulled in at either 
or both ends of the shifting field; arithmetic, where the 
sign bit is repeated during a shift down; or end around, 
where the data word forms a continuous loop. 


RELATED PRODUCTS 
Part No. Description 


Am2901 

Am2903 

Am29501 


Bit Slice ALU 
Superslice 

Multiport Pipeline Processor 



ORDERING INFORMATION 


Package 

Temperature 

Order 

Type 

Range 

Number 

Molded DIP 

0to+70°C 

AM25S10PC 

Hermetic DIP 

0to-F70°C 

AM25S10DC 

Chip-Pak 

0to+70°C 

AM25S10LC 

Dice 

0to+70°C 

AM25S10XC 

Hermetic DIP 

-55to+125°C 

AM25S10DM 

Hermetic Flat-Pak 

-55to-l-125°C 

AM25S10FM 

Chip-Pak 

-55to+125°C 

AM25S10LM 

Dice 

-55to+125°C 

AM25S10XM 


CONNECTION DIAGRAMS - Top Views 
D-16, P>16 Leadless Chip Carrier 




Note: Pin 1 is marked for orientation. 
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Am25S10 

MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

' -0.5 V to+7 V 

DC Voltage Applied to Outputs for High Output State 

—0.5 V to +Vcc 

DC Input Voltage 

-0.5 V to +5.5 V 

DC Output Current, Into Outputs 

30 mA 

DC Input Current 

—30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am25S10XC Ta = 0°C to+70°C Vcc = 5 0 V + 5% (COM'L) MIN. = 4.75 V MAX. = 5.25 V 

Am25S10XM Ta = -55°C to+1 25°C Vcc = 5 0 V ± 10% (Ml L) MIN. = 4.5 V MAX. = 5.5 V 

Parameters Description Test Conditions (Note i) Min. Typ.(Note2) Max. Units 


Vqh 

Output HIGH Voltage 

Vcc = min., 

V|N = V|Hor V|L 

XM Iqh = -2mA 

2.4 

3.4 


Volts 

XC Iqh =-6.5 mA 

2.4 

3.2 


Vql 

Output LOW Voltage 

Vqc = MIN., Iql “ 20mA 

ViN =V|HorV|L 



0.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V,L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

Vl 

Input Clamp Voltage 

Vcc = min., I|N =-18mA 



-1.2 

Volts 

•IL 

(Note 3) 

Unit Load 

Input LOW Current 

Vcc^= MAX., V|N = 0.5 V 



-2.0 

mA 

«IH 

(Notes) 

Unit Load 

Input HIGH Current 

Vcc = max.. V|N = 2.7 V 



50 

mA 

»0 

Off State (High Impedance) 
Output Current 

Vcc = max. 

Vo = 2.4V 



50 

juA 

Vq = 0.5V 



-50 

h 

Input HIGH Current 

Vcc = MAX., Vim = 5.5 V 



1.0 

mA 

•sc 

Output Short Circuit Current 
(Note 4) 

Vcc = max., VquT = O-OV 

-40 


-100 

mA 

•cc 

Power Supply Current 

Vcc ~ max.. All outputs open. 

All inputs = GND 


60 

85 

mA 


Notes; 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqc = 5.0 V, 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration Of the short circuit test should not exceed one second. 


Switching Characteristics (Ta = +25°C) 


Parameters 

Description 

Test Conditions 

Min. 

Typ. 

Max. 

Units 

*plh 

Data Input to Output 



5 

7.5 


^PHL 



8 

12 


tpLH 

Select to Output 

Vcc = 6.0 V, Cl = 15pF, Rl = 280n 


11 

17 

ns 

<PHL 


13 

20 

tZH 

Output Control OE to Output 




19.5 

ns 

tZL 




■ 21 

__ 

tHZ 

Output Control OE to Output 

Vcc = 5V, Cl = 5pF, Rl = 280n 


5 



_j 


10 

15 
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Am25S10 


DEFINITION OF FUNCTIONAL TERMS 

Ij The seven data inputs of the shifter. 

OE Enable. When the enable is HIGH, the four outputs are in 
the high impedance state. When the enable is LOW, the selected 
Ij inputs are present at the outputs. 

$0, Si Select inputs. Controls the number of places the inputs 
are shifted. 

Yj The four outputs of the shifter. 


LOADING RULES (In Unit Loads) 

Fan-out 


Input/Output 

Pin No.'s 

Input 
Unit Load 
(Note 1) 

Output 
HIGH 
XM XC 

Output 

LOW 

1-3 

1 

1 

- 

- 

- 

•-2 

2 

1.5 , 

- 

- 

- 

1-1 

3 

1.5 

- 

- 

- 

•0 

4 

1.5 

- 

- 


'1 

5 

1.5 

- 

- 

- 

'2 

6 

1.5 

- 

- 

- 

'3 

7 

1 

- 

- 

- 

GNO 

8 

- 

- 

- 

- 

Si 

9 

1 

- 

- 

- 

So 

10 

1 

- 

- 

- 

Y 3 

11 

- 

40 

130 

10 

V2 

12 

- 

40 

130 

10 

OE 

13 

1 



- 

Yl 

14 

- 

40 

130 

10 

Yo 

15 

- 

40 

130 

10 

YCC 

16 

- 

- 

- 

- 


A Schottky TTL Unit Load is defined as 50juA measured at 2.7 V 
HIGH and -2.0mA measured at 0.5V LOW. 


PERFORMANCE CURVES 

SWITCHING CHARACTERISTICS 


Data to Output 
(Typical) 





tp 

n 

fL 

























_J 




_j 


_ 


-1 ii 

-J 

_ 



-75 -50 -25 0 25 50 75 100 125 


Ta - AMBIENT TEMPERATURE - °C 


Select to Output 
(Typical) 



Ta - AMBIENT TEMPERATURE - “C 


LOGIC EQUATIONS 


Note; 1. Tlie fan-in on \_ 2 , I--), IQ' *1 *2 exceed 1.5 

Unit Loads when measured at Vn_ = 0.5 V. As Vn_ is decreased to 
0 V, the input current 1 |l MAX. increases to —4, —6, —8, —6 and 
—4 mA respectively due to the decrease in current sharing with the 
internal select buffer outputs. 


SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 


Yq = So Si Iq + So S-i L-j + Sq Si 1.2 + So Si 1.3 

Yi = So Si H + So Si Iq + Sq Si Li + Sq Si 1.2 

Y2= So Si I2 + S0S1 ii +S0S1 lo +S0S1 I .1 

Y3 = So Si I3 + So Si I2 + Sq Si H + Sq Si lo 


Note: For additional information, see page 5-54 


TRUTH TABLE 


51 

Si 

So 

'3 

«2 

•1 

lo 

1-1 

1-2 

1-3 

.Y 3 

Y2 

Yl 

Yo 

H 

X 

X 

X 

X 

X 

X 

X 

X 

X 

z 

Z 

Z 

Z 

L 

L 

L 

D3 

D2 

Dl 

Do 

X 

X 

X 

D3 

D2 

Dl 

Do 

L 

L 

H ! 

X 

D2 

Dl 

Do 

D-1 

X 

X 

D2 

Dl 

Do 

D-1 

J- 

H 

L 

X 

X 

Dl 

Do 

D-l 

D-2 

X 

Dl 

Do 

D-1 

D-2 

L 

H 

H 

X 

X 

X 

Do 

D-1 

D.2 

D^ 

Do 

D-l 

D-2 

D-3 


H = HIGH X = Don't Care 

L = LOW Z = High Impedance State 

Dq at input 1^ may be either HIGH or LOW and output will 
follow the selected Dn input level. 
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Am25S10 
Four-Bit Shifter 

By John A. Mick 


INTRODUCTION 

The Am25S10 is a high-speed MSI combinatorial logic block 
built using advanced Schottky technology. The device has the 
ability to shift four bits of data 0, 1, 2 or 3 places. The 
Am25S10 has two select lines that are decoded internally to 
determine the number of places the data is shifted. The de¬ 
vice has seven data inputs l_ 3 , l_ 2 , I—i, Iq, h, b 

and 4 three-state data outputs Yq, Y-i, Y 2 , and Y 3 as shown 
in the logic symbol diagram of Figure 1. The three-state out¬ 
puts allow several devices to be bus organized for shifts of 
more than three places with a single level device propagation 
delay time. The three-state outputs are controlled by a single 
buffered active-LOW output control OE. When the output 
control is LOW, the data outputs will follow the selected data 
Inputs. When the output control is HIGH, the data outputs 
offer a high-impedance to the data bus. 


FUNCTIONAL DESCRIPTION 

The logic equations describing the output shifting capability 
of the Am25S10 when the output control Is LOW are: 

Yq = So S-i lo + So Si i_i + So Si l_2 + So Si I—3 

Yi = So Si li + So Si lo + So Si l_i + So Si l_2 

Y2 = So Si I2 + Sq Si li + So Si lo + So Si l_i 

Y3 = So Si I3 + $0 Si I2 + S^o Si li + So Si lo 

From these equations it is seen that each output is op¬ 
erationally equivalent to a four-input multiplexer with the 
inputs connected such that the select code generates successive 


one-bit shifts of the input data word. The logic diagram of 
Figure 2 shows the internal connection of each multiplexer 
with respect to the seven data inputs. Because of this internal 
connection scheme, several devices can be connected to per¬ 
form shifts of 0, 1, 2, or 3 places on words of any length. 


1 2 3 4 5 6 7 



Ycc “ Pin 16 
GND = Pin 8 


Vcc Yo Yi OE Y2 Y3 Sq Si 


n n n n n n n n 


15 14 13 12 11 10 


L 16 9 J 

Am25S10 

■ 1 8 ' 

• 2 3 4 5 6 7 

Q"n.i^j 

1_3 (-2 1-1 Iq li I2 I3 GND 


Note: Pin 1 is marked for orientation 


Figure 1. Logic Symbol and Connection Diagram. 
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Am25S10 


The operation of the Am25S10'is pictorially depicted in 
Figure 3. Here, the four shift positions of the data outputs 
with respect to the data inputs are shown via the dashed lines 
for the four possible select codes. Figure 4 shows a similiar 
operation only the notation now represents a seven-bit input 
word Aq through A 0 . The output code for each of the select 
field combinations applied to the Sq and inputs is shown 
in the accompanying Function Table. In addition, the four 
outputs Yq through Y 3 can be forced to the high-impedance 
state by applying a HIGH to the "output control" input. This 
allows additional shifters to be cascaded on the same output 
lines, or the shifter array to be connected to a common data bus. 



Yq Y, Yj Y3 Yq Y, Y2 Y3 


Figure 3. The Four Shift Positions of the Am25S10. 



FUNCTION TABLE 


$1 

So 

Yo 


Y2 

Y3 

0 

0 

A3 

A 4 

A5 

Ag 

0 

1 

A2 

A3 

A4 

A5 

1 

0 


A2 

A3 

A4 

1 

1 

_J 

Aq 

Al 

A2 

A3 


Positive Logic 


Figure 4. The Am25S10 4-Bit Shifter Operation. 


INPUT LOADING 

The logic diagram of Figure 2 shows the input connection 
scheme for the seven data inputs of the Am25S10. Table I 
shows the number of multiplexer inputs connected to each 
data input as well as the expected an actual Unit Load 
weighting on each input. 


TABLE I 


Pin 

# 

Data 

input 

Number of 
Multiplexer Inputs 
Connected 

Expected 

Unit 

Loads 

Actual 

Unit 

Loads 

1 

•-3 

1 

1 

1 

2 

*-2 

2 

2 

1.5 

3 

•-1 

3 

3 

1.5 

4 

•o 

4 

4 

1.5 

5 

h 

3 

3 

1.5 

6 

'2 

2 

2 

1.5 

7 

•3 

1 

1 

1 


Since the number of gate inputs for l_ 2 , I— 1 , lo» h 9 *^cl I 2 
data inputs is 2, 3, 4, 3, and 2 respectively, this could be ex¬ 
pected to be the unit load fan-in for these data inputs. How¬ 
ever, l|L current sharing occurs internally with the seleci 
buffer outputs to reduce the external fan-in. Since a Schottky 
TTL unit load is defined as —2.0mA measured at 0.5V LOW, 
the maximum I|l when measured at V||_ = 0.5V is —3mA 01 
1.5 STTL unit loads. As the measure voltage V(l on these date 
inputs is decreased to OV, the measured input current on l _2 
l_i, Iq, h, and I 2 can increase to an Ijl maximum of —4, — 6 , 
— 8 , —6 and —4 mA respectively because of the decrease in 
current sharing with the internal select buffer outputs. 

A plot of the typical Input voltage versus input current for the 
data inputs is shown in Figure 5. This Figure shows the in¬ 
creased input current flow (negative current) as the input 
voltage is decreased. It also shows the effect of the Input 
clamp diode as forward bias in applied. 
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LOGIC EQUIVALENTS OF THE Am25S10 

The Am25S10 exhibits several symmetrical properties that 
may be of advantage in some designs. These symmetrical 
properties involve the labeling of the inputs and outputs and 
the polarity of the select inputs. By relabeling the Inputs in 
reverse order, labeling the outputs in reverse order, and con¬ 
sidering the select inputs in positive logic (active-HIGH) or 
negative logic (active-LOW), eight logic equivalents for the de¬ 
vice are possible. Figure 6 shows the operation of the device 
for the four combinations of input and output definitions for 


the positive logic notation while Figure? shows the operation 
of the device for the four combinations for the negative logic 
notation. The logic symbol for each set of definitions for the 
Input pins and output pins is shown adjacent to the truth table. 

This relabeling of pins can provide the designer with some 
flexibility In printed circuit board layout. Likewise, the select 
code can be either positive logic or negative logic and the in¬ 
put data will be passed non-inverted. In some cases, the re¬ 
definition allows the designer to visualize shifting up versus 
shifting down for the same select code. 



Figure 6, Four Possible Input and Output Combinations for the Positive Logic Definition. 



Figure 7. Four Possible Input and Output Combinations for the Negative Logic Definition. 
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Am25S10 APPLICATIONS 

The four-bit shifter is an ideal MSI element for high-speed 
shifting and scaling in digital systems. By suitable inter¬ 
connection of the inputs and outputs, shifts of any number 
of places up or down can be made with a propagation delay 
of only one device. Shifting can be logical, with zeroes pulled 
In at either or both ends of the shifting field; arithmetic, 
where the sign bit is repeated during a shift down; or end 
around, where the data word forms a continuous loop. The 
three-state outputs can be used to increase the number of 
places shifted and also facilitate rapid data bus access in bus 
organized systems. 

The Connection Diagram and Function Table of Figure 8 show 
a 16-bit word shifted up 0, 1, 2 or 3 places. In this example, 
the most significant bits {A 13 , A 14 , A 15 ) are discarded and 
logic zeroes are shifted in at the least significant end. 

Figure 9 shows a Connection Diagram and Function Table for 
a 12-bit word shifted down 0, 1, 2 or 3 places. In this example, 
zeroes are shifted into the most significant bits and the least 
significant bits are discarded. Notice that one of the alternate 
definitions and pin assignments has been used to define the 
Am25S10. 

A complete end-around barrel shift of 0, 1, 2, 3, 4, 5, 6 or 7 
places Is shown in Figure 10. In this configuration, the three- 
state capability of the outputs is used to connect one of two 
Am25S10's to the data output under the control of the S 2 and 


$2 select Inputs. This technique can be expanded for longer 
word lengths by using one-of-four or one-of-eight decoders to 
control the active-LOW "output control" Input. 


A 13-bit two's complement scaler is shown in Figure 11. For 
this connection, the sign.bit Is pulled in at the most significant 
end and the least significant bits are truncated. Thus, the 13- 
bit two's complement binary output number is scaled to 1 , 
1/2, 1/4, or 1/8 of its input value. 

A two-level 16-bit barrel shifter and Its associated Function 
Table are shown in Figure 12. Only eight Am25S10's are re¬ 
quired to perform this function. For clarity, the intermediate 
level of inputs and outputs have been labeled Bj. The slxteen- 
bit output word can be bus connected and controlled via 
the OE Input. 

Figure 13 demonstrates a unique way to convert a fixed point 
positive number to a floating-point mantisa and exponent. The 
priority encoder Is used to determine the most significant bit 
position of the input word with a binary "1". The priority 
encoder output is a binary weighted code representing the 
number of places the input word is to be shifted up. This code 
controls the Am25S10 shifting array and shifts the input 
word such that the Y 7 -bit of the mantisa is always a binary 
one (except for A = 0). The exponent is of the form 2—^ where 
n is the value of the binary weighted code from the priority 
encoder. Thus, the output of this functional block is of the 
form Y 2 -n. 



Yq Y, Yj Y3 Y4 Yg Yg Yy Yg Yg Y^g Y,, Y^j '''13 ^14 Y^g 
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Figure 8. 16-Bit Shift-Up 0, 1, 2 or 3 Places. 


9-28 













Ann25S10 



FUNCTION TABLE 


SCALE 
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Figure 13. Binary Scaling to Give Mantissa and Exponent. 
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FUNCTIOIM TABLE 

S 3 j S 2 [ Si [ Sq Yq I yJ Yg I Y 3 

0 0 0 0 Aq A-] A 2 A 3 

0 0 0 1 A 15 Aq Ai A 2 

0 0 1 0 A'14 A |5 Aq A-j 

0 0 11 A-iq A -|4 A‘15 Aq 

0 10 0 Ai2 Ai3 A^4 Ai5 

0 10 1 A^ii Ai 2 Ai 3 A-j4 

0 110 Aiq An A'12 Ai3 

0 1 1 1 Ag A-iq An A '12 

1 0 0 0 Ag Ag Aiq An 

1 0 0 1 Ay Ag Ag A-iq 

1 0 1 0 Aq Ay Ag Ag 

10 11 Ag Ag Ay Ag 

1 1 0 0 A 4 Ag Ag Ay 
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11 1 0 A 2 A 3 A 4 Ag 

1 1 1 1 Ai A 2 A 3 A 4 

Positive Logic 
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Figure 12. Full IS-Bit Barrel Shifter. 
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FIXED MULTIPLIERS 

Digital systems requiring multiplication by a constant interger 
or constant fraction can make effective use of the Am25S10 
if the constant must be varied over several values. By using 
four-bit shifters and high-speed adders, very high-speed “con¬ 
stant coefficient" or fixed multipliers can be built. The tech¬ 
nique is shown diagrammatically in Figure 14. Here, the input 
word C is wired to the adder A inputs such that a shift of 
^ C is "built-in". The Am25S10 shifter is wired to the B in¬ 
puts of the adder such that its four select states represent pre¬ 
scaling of-^C, -|C, C, and of the C input word. If the 
OE input IS used to disable the outputs (high impedance), the 
adder B inputs will assume the logical one state (HIGH). By 
adding a "one" at the adder carry input least significant end, 
the contribution of the B inputs to the sum output is zero ^ 
the adder A input will be passed to the output. Thus, the OE 
input can be used to generate a zero C value from the shifter. 

Figure 15 shows the actual connection diagram for a 12-bit 
two's complement fixed multiplier using the scheme of Figure 
14. The Y output weighting is the same as shown in the 


Function Table of Figure 14. The OE Input is tied directly to 
the adder least significant input to complete the shifter 
"zero" output function. 

Figure 16 shows two shifter arrays used in conjunction with 
one adder. For the shifter A and shifter B select codes shown, 
twenty multiplication constants are realized with seventeen 
constants being unique. Other combinations could be Used to 
realize different outputs. The combinations possible can be 
extended greatly by using multiple adders and multiple shift¬ 
ing arrays. For the example of Figure 16, the zero shifter out¬ 
put (h'igh-impedance state) is used with only one shifter since 
only one Cp input is available. 

This technique for fixed constant multipliers can be applied 
to two's complement, one's complement, sign-magnitude, or 
magnitude only arithmetic. In so doing, the sign must be 
handled appropriately and the adder output word size and 
number range must be considered. For the one's complement 
case, the all ones representation for zero must be handled 
separately. 
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Figure 14. Parallel "Constant Coefficient" Multiplier Block Diagram and Function Table. 
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SHIFTER A= C, § 
SHIFTER B= ^6^ 3-2^0 


FIXED MULTIPLIER OUTPUT W 
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Figure 16. Two Shifter Arrays and One Adder Array in a Fixed Multiplier Connection .1 


CONCLUSION 

The Am25S10 four-bit shifter is a new unique combinatorial 
logic element offering the system designer new shifting and 
scaling capability not previously available in a single package. 


The three-state output design of the Am25S10 provides in¬ 
creased flexibility in its use and the advanced Schottky con¬ 
struction offers minimum propagation delay. The device can be 
used to shift any number of bits any number of places; up, 
down or end-around. 
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Am25LS14A 

8-Bit Serial/Parallel Two’s Complement Multiplier 


DISTINCTIVE CHARACTERISTICS 


• Two’s complement multiplication without correction • Second sourced by T.l. as the SN54LS/74LS384 

• Magnitude only multiplication • IMOX™ process with ECL internal 

• Cascadable for any number of bits 

• 8-bit parallel multiplicand data input 


• 50MHz minimum clock frequency 


FUNCTIONAL DESCRIPTION 

The Am25LS14A is an 8-bit by 1-bit sequential logic ele¬ 
ment that performs digital multiplication of two numbers 
represented in two’s complement form to produce a two’s 
complement product without correction. The device accepts 
an 8-bit multiplicand (X input) and stores this data in eight 
internal latches. The X latches are controlled via the clear 
input. When the clear input is LOW, ail internal flip-flops are 
cleared and the X latches are opened to accept new multi¬ 
plicand data. When the clear input is HIGH, the latches are 
closed and are insensitive to X input changes. 

The multiplier word data is passed by the Y input in a serial 
bit stream - least significant bit first. The product is clocked 
out the S output least significant bit first. 


The multiplication of an m-bit multiplicand by an n-bit mul¬ 
tiplier results in an m + n bit product. The Am25LS14A must 
be clocked for m + n clock cycles to produce this two’s 
complement product. Likewise, the n-bit multiplier (Y-input) 
sign bit data must be extended for the remaining m-bits to 
complete the multiplication cycle. 

The device also contains a K input so that devices can be 
cascaded for longer length X words. The sum (S) output of 
one device is connected to the K input of the succeeding 
device when cascading. Likewise, a mode input (M) is used 
to indicate which device contains the most significant bit. 
The mode input is wired HIGH or LOW depending on the 
position of the 8-bit slice in the total X word length. 


LOGIC DIAGRAM 




CONNECTION DIAGRAH 

A - Top View 

CLR [Z 

1* 16 

□ Vcc 


2 15 

□ v 

"2(1 

3 14 

□ "4 

XiC 

4 13 


"o C 

Am25LS14A 

5 12 

□ "a 

sC 

6 11 

□ "7 

cpC 

7 10 


GND 

8 9 

m iv' 

Note; Pin 1 is marked for orientation. 


ORDERING INFORMATION 


Package 

Type 

Temperature 

Range 

Order 

Number 

Molded DIP 

Hermetic DIP 

Dice 

Hermetic DIP 
Hermetic Flat Pak 
Dice 

0to+70°C 
0to+70°C 
0to+70°C 
-55to+125°C ! 

-55to+125“C 
-55to+125°C 

AM25LS14APC 

AM25LS14ADC 

AM25LS14AXC 

AM25LS14ADM 

AM25LS14AFM 

AM25LS14AXM 


IMOX is a trademark of Advanced Micro Devices, Inc. 
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Am25LS14A 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am25LS14AXC Ta = 0°C to+70°C v'cc = 5.dV ±5% (GOM'L) MIN. = 4.75V MAX. = 5,25V 

Am25LS14AXM Ta = -55°C to+1 25°C Vqc = 5 OV ±10% (MIL) MIN. = 4.5V MAX. = 5.5V 


Parameters 

Description 

Test Conditions (Note 1 ) 

Min. 

Typ. 

(Note 2) 

Max. 

Units 

Vqh 

Output HIGH Voltage 

Vcc = min., Iqh = -1.0mA 

MIL 

2.5 

3.4 


Volts 

VfM = V|H or V|L 

COM'L 

2.7 

3.4 


VOL 

Output LOW Voltage 

Vcc = min. 

*OL ~ 



0.4 

Volts 

V|N = V|H or V|L 

•OL =12mA 



0.45 

V,H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min., I in = -18mA 



-1.2 

Volts 




X, M 



-0.48 


l|L 

Input LOW Current 

Vcc = max., ViN = 0.4V 

K, CLR 



-1.2^ 

mA 

CP 



-1.6' 




Y 



-3.2 





X, M 



20 


t|H 

Input HIGH Current 

Vcc = MAX., V|N =2.7V 

K, CilR 



30 

mA 

CP 

■ ' 


40 




Y 



80 


•l 

Input HIGH Current 

Vcc = max., V|N = 5.5V 



1.0 

mA 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = MAX. 

-15 


-85 

mA 

•cc 

Power Supply Current 

Vcc = max. 


45* 

65 

_i 

mA 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqc = 5.0V, 25°C ambient and maxirhum loading. 

3. Duration of the short circuit test should not exceed one second. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Arribient) Under Bias 

-55°Cto +125°C 

Supply Voltage to Ground Potential (Pin 16 to.Pin 8) Continuous 

-0.5 V to+7.0 V 

DC Voltage Applied to Outputs for High Output State 

—0.5V to + Vqq max. 

DC Input Voltage 

-0.5Vto+5.5V 

Output Current, Into Outputs 

30mA 

DC Input Current 

—30 mA to +5.0mA 
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SWITCHING CHARACTERISTICS 

(Ta =+25‘'C, Vcc = 5.0V) 


Parameters 

Description 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

tPLH 

Clock to Output 


8 

14 

ns 


tPHL 


10 

18 


tPHL 

Clear to Output 


9 

17 

ns 


ts 

Y to Clock 

15 



ns 


th 

0 




ts 

K to Clock 

15 



ns 


th 

0 



Cl = 15pF 

's 

Xj to Clear 

13 




Rl = 2.0kJ2 

th 

0 






Clock (HIGH) 

10 



ns 


tpw 

Clock (LOW) 

10 




tpw 

Clear Pulse Width 

10 



ns 


ts 

Clear Recovery Time (Inactive State) 

5 



ns 


tmax (Note 1) 

lVlaxi*mum^Clock Frequency 

50 

60 


MHz 



Note 1. Per industry convention, fmax the worst case value of the maximum device operating frequency with no constraints on t^, tf, 
pulse width or duty cycle. 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Am25LS COM'L 

Am25LSMIL 





Ta = 0°C to +70°C 

Ta = --55°C to +125°C 





Vcc = 5.0V ± 5% 

Vcc = 5.0V ± 10% 



Parameters 

Description 

Min. 

Max. 

Min. 

Max. 

Units 

Test Conditions 

tPLH 

Clock to Output 


18 


20 

ns 


tpHL 


22 


25 


tPHL 

Clear to Output 


22 


25 

ns 


«s 

Y to Clock 

22 


25 


ns 


th 

0 


0 



ts 

K to Clock 

20 


22 


ns 


th 

0 


0 


Cl = 50pF 

Rl = 2.0k^2 

ts 

Xj to Clear 

20 


22 


ns 

'h 

0 


0 



Clock (HIGH) 

10 


10 


ns 


tpw 

Clock (LOW) 

10 


10 



tpw 

Clear Pulse Width 

10 


10 


ns 


ts 

Clear Recovery Time 
(Inactive State) 

5 


5 


ns 


tmax (Note 1) 

Maximum Clock Frequency 

50 


50 


MHz 



*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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DEFINITION OF FUNCTIONAL TERMS 

Xq, Xi, X2, X3, X4, X5, Xe, X7 The eight data inputs for 
the multiplicand (X) data. 

Y The serial input for the multiplier (Y) data—least signifi¬ 
cant bit first. 

S The serial output for the product of X«Y—least signifi¬ 
cant bit first. 

CP Clock. The buffered common clock input for the serial/ 
parallel multiplier. All functions occur on the LOW-to-HIGH 
transition of the clock. 

CLR Clear. The buffered common clear for all flip-flops 
within the device. When the clear is LOW all flip-flops are 
cleared. Also the buffered X-input latch enable. When the 
clear’ input is LOW, the X latches will accept new X-input 
data. 

K The sum expansion input to the serial/parallel multiplier. 
Allows for cascading devices. 

M The mode control input for the most significant bit of 
the multiplier. It is used in conjunction with cascading to 
determine the most significant bit. 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 


FUNCTION TABLE 


* INPUTS 

INTERNAL 

OUTPUT 

FUNCTION 

CLR 

CP 

K 

M 

Xi 

Y 

Y-1 

S 

- 

- 

L 

L 


- 

- 

- 

Most Significant Multiplier Device 

- 

- 

CS 

H 

- 

- 

- 

- 

Devices Cascaded in Multiplier String 

L 

- 

- 

- 

OP 

- 

L 

L 

Load New Multiplicand and Clear Internal Sum and Carry Registers 

H 

- 

- 

- 

- 

- 

- 

- 

Device Enabled 

H 

t 


- 

- 

L 

L 

AR 

Shift Sum Register 

H 

t 

- 

- 

- 

L 

H 

AR 

Add Multiplicand to Sum Register and Shift 

H 

t 

- 

- 

- 

H 

L 

AR 

Subtract Multiplicand from Sum Register and Shift 

H 

t 

- 

- 

- 

H 

H 

AR 

_1 

Shift Sum Register 


H =HIGH 
L = LOW 

t = LOW-to-HIGH transition 

CS = Connected to S output of higher order device 
OP = Xj latches open for new data (I = 0, 7) 

AR = Output as required- 


LOGIC SYMBOL 


METALLIZATION AND PAD LAYOUT 



DIE SIZE 0.084" X 0.095" 
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APPLICATIONS 

See also Digital Signal Processing Applications Section for more information. 


24 BIT MULTIPLICAND 



PRODUCT 

SERIAL 

OUTPUT 


Basic 24-Bit Serial/Parallel Connection mpr 817 



8-Bit by 8-Bit Multiplier, Bus Organized, 
with 8-Bit Truncated Product 


MPR-818 





Am25LS14A 


LOW CURRENT SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING DEVICE 


DRIVEN DEVICE 




MINIMUM LOGIC 
"HIGH" OUTPUT 





t MINIMUM LOGIC 
"HIGH" INPUT 
VOLTAGE 


^11-2_COM'L 


MIL 

MAXIMUM LOGIC 
"LOW" INPUT 
VOLTAGE 



DRIVING 

VqHi 

V|H2 

DRIVEN 

o— 

SCHOTTKV 

—o- 

-o— 

SCHOTTKY 


DEVICE 


V|L2 

DEVICE 


DEFINITION OF STANDARD TERMS 

H HIGH, applying to a HIGH voltage level. 

L LOW, applying to a LOW voltage level. 

I Input. 

O Output. 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

I|L LOW-level input current with a specified LOW-level 
voltage applied. 

I|H HIGH'level input current with a specified HIGH-level 
voltage applied. 

Iql LOW-level output current. 

•oh HIGH-level output current. 

Isc Output short-circuit source current. 

•cc The supply current drawn by the device from the Vcc 
power supply. 

V|L Logic LOW input voltage. 

V|H Logic HIGH input voltage. 

Vql LOW-level output voltage with Iql applied. 

Vqh HIGH-level output voltage with Iqh applied. 


Note: Refer to Electrical Characteristics for measure currents. 
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A High-Speed Serial/Parallel Multiplier 
TheAm25LS14A* 

By John Mick, John Springer and Clive Chest 


INTRODUCTION 

The Am25LS14A is a complete 8-bit Serial/Parallel Multiplier 
fabricated as a single 16-pin LSI chip. The device accepts a 
parallel two's complement or unsigned multiplicand and mul¬ 
tiplies it by any arbitrary length serial two's complement or 
unsigned multiplier. The resulting product is a correct and 
complete serial two's complement or unsigned product. The 
complete product of an 8 x 8 multiplication can be performed 
in 16 clock cycles. Any number of Am25LSI4A devices can be 
cascaded with no additional logic, so that the parallel multipli¬ 
cand can be easily expanded to any number of bits. Mixed 
signed (two's complement) and unsigned multiplication is 
possible, generating a product in signed two's-complement 
form. 

MULTIPLIER CHARACTERISTICS 

The requirements for a good general purpose 1C multiplier for 
use in a wide range of commercial applications are as follows: 

® It should be inexpensive 

• It should be fast 

• It should be easy to use 

• It should be adaptable to any word length 

• It should handle signed numbers in two's complement nota¬ 
tion without correction. 


11 12 13 14 2 3 4 5 



Vcc = PIN 16 
GND = PIN 8 

Figure 2. Logic Symbol for the Am25LS14A (16-Pln Device) 

The Am25LS14A offers an optimum solution to these 
requirements. It operates by taking the whole multiplicand in 
parallel and utilizing a single bit at a time of the multiplier word 
to form partial products in an internal register. The output is a 
serial bit stream representing the product of the parallel 
multiplicand word and the serial multiplier word. 

THE LOGIC FUNCTION 


The first two of these requirements tend to be incompatible 
and in the past have required two types of circuits: one which 
was designed to be as fast as possible and another which 
compromised speed for cost. The last two requirements limit 
the method used to perform the multiplication to an algorithm 
which works in two's complement notation and is the same 
for all bits, so that the "sign bit" is treated identically with the 
other bits. 


A simplified logic diagram of the Am25LS14A Serial/Parallel 
multiplier is shown in Figure 1 and the 16-pin logic symbol for 
the device is shown in Figure 2. The multiplier consists of four 
basic parts; a storage register used to hold the multiplicand 
word during the multiplication, the adder/subtractor logic 
containing both a partial product register and a carry/borrow 
register, a flip-flop and exclusive-NOR gate operating on the 
serial multiplier string presented at the Y input to provide a 




Figure 1. Functional Logic Diagram for the Am25LS14A 

*The Am25LS14A is manufactured under U.S. Patent No. 3,878,985 issued April 22, 1975. 
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control signal to the adder/subtractor logic, and a logic mode 
circuit to alter the multiplicand from two's complement to 
unsigned notation as controlled by the M input. The adder/ 
subtractor logic and product and carry/borrow register is 
iterative; that is, it consists of eight identical cells with a 
small change in the eighth cell to efficiently incorporate the 
multiplicand word sign logic. For a detailed description of the 
logic design of the Serial/Parallel multiplier, refer to the 
application note "Mechanization of the Serial/ParaHel Multi¬ 
plier” by John R. Mick. 

Prior to a multiplication, the internal multiplier sum and carry 
registers are reset by applying a LOW to the clear input. The 
8-blt multiplicand data is applied to the ^ inputs and is 
latched into the multiplicand register as the clear input goes 
HIGH. This internal multiplicand storage is useful because the 
multiplicand need not be held constant during the multiplica¬ 
tion allowing these inputs to be bus organized. The Serial/ 
Parallel multiplier is now ready to receive the first least 
significant multiplier bit. The least significant bit of the multi¬ 
plier word is presented at the Y serial input and when the 
clock changes from LOW to HIGH, the multiplier produces the 
first least significant product bit at the serial data output, S. In 
each succeeding clock period, the next more significant mul¬ 
tiplier bit is presented at the Y input and the next more 
significant product bit is present at the S output. After 8 clock 
periods, the multiplier serial input string has been exhausted 
but the most significant half of the product is still in the 
internal registers of the Am25LS14A Serial/Parallel multiplier 
and must be clocked out. If the multiplier is an unsigned word, 
then during the extraction of the most significant half of the 
product, the multiplier Y input must be held at logic zero. If, 
however, the multiplier is a two's-complement signed word, 
then the most significant bit (sign bit) of the multiplier word 
must be repeated at the Y input until the complete product 
has been obtained. The multiplicand can be either an unsigned 
number or a two's-complement number depending upon the 
logic polarity of the mode input, M. This mode input should 
be held at a LOW logic level (ground) if the multiplicand is in 
two's-complement notation and the X7 input is a two's 
complement sign bit, and it should be held at a HIGH logic 
level (pulled up through a register to Vcc) the 8-bit multi¬ 
plicand is unsigned (magnitude only number). 


The K Input is used for expansion purpdses. To increase the 
length of the multiplicand word by using multiple devices, the 
S output of a higher order device is connected to the K input 
of the hext lower order devices. The clear lines are connected 
together and the clock lines are connected together. All the 
mode inputs except the one on the most significant device are 
held at a HIGH logic level. Whether the multiplicand Is signed 
or unsigned is determined only by the M input of the most 
significant device. A 24-bit by n-bit multiplier is shown in 
Figure 3. The K input is held LOW at the most significant 
device indicating a two's complement multiplicand. The multi¬ 
plier input can be any length, with n + 24 clock periods 
required for the multiplication. The resulting product Is n + 24 
bits long. 

If the multiplicand is not an even multiple of 8 bits, then for 
an unsigned multiplicand the remaining most significant mul¬ 
tiplicand inputs are held LOW at logic zero, while for a 
two's-complement multiplicand, the remaining multiplicand 
inputs must be connected to the multiplicand sign bit so that 
the sign is extended and can be interpreted correctly. Figure 4 
shows a 12 xn Serial/Parallel multiplier connection for a 
two's-complement signed multiplicand. The resulting product 
is n + 12 bits long and only n + 12 clock periods are required 
to generate the correct product. 

The Function Table for the Am25LS14A multiplier operation is 
given in Figure 5. As shown, the K input is the sum expansion 
input and allows for the cascading of devices. The mode input, 
M, is used in conjuction with cascading to determine the most 
significant bit of the multiplicand and controls the multipli¬ 
cand sign definition. 

TIMING 

Although the Serial/Parallel multiplier requires only m + n 
clock periods to produce a full length product, (where m is the 
multiplicand word length and n is the multiplier word length) 
a practical system may use two additional clock periods. The 
first additional clock period is used to reset the multiplier at 
the beginning of a multiplication by using the clear input. This 
is shown in the timing diagram of Figure 6. This clears the 
partial product register, the carry/borrow register and the 


24 BIT MULTIPLICAND 



PRODUCT 

SERIAL 

OUTPUT 


Figure 3. Three Am25LS14A's Cascaded to Make a 1-Bit by 24-Bit Serial-Parallel Multiplier 
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Figure 4. A 12-Bit by N-Bit Two's Complement Multiplier Using Two Am25LS14A's. 


H = HIGH 

L = LOW 

t = LOW-to-HIGH transition 

CS = Connected to S output 

of higher order device 
OP = Xj latches open for new 
data (i = 0, 7) 

AR= Output as required per 
Booth's algorithnn 


Figure 5. Function Table Showing the Operation of the Am25LS14A 


INPUTS 

INTERNAL 

OUTPUT 

FUNCTION 

CLR 

CP 

K 

M 

Xi 

Y 

Y_1 

S 

- 

- 

L 

L 

- 

- 

- 

- 

Most Significant Multiplier Device 

- 


CS 

H 

- 

- 

- 

- 

Devices Cascaded in Multiplier String 'v 

L 

- 

- 

- 

OP 

- 

L 

L 

' 

Load New Multiplicand and Clear Internal Sum and Carry Registers 

H 

- 

- 

- 

- 

- 

- 


Device Enabled 

H 

t 


- 

- 

L 

L 

AR ' 

Shift Sum Register 

H 

t 

- 


- 

T1 

H 

AR 

Add Multiplicand to Sum Register and Shift 

H 

t 


- 


H 

L 

AR 

Subtract Multiplicand from Sum Register and Shift 

H 

t 


- 


H 

H 

AR 

Shift Sum Register 


control flip flop, and loads the new multiplicand into the X 
holding latch. At this same time, the multiplier word can be 
loaded into a Parallel-to-Serial converter (such as the 
Am25LS22) ready for presenting to the Serial/Parallel multi¬ 
plier Y input. During the first time period after the clear 


signal, the least significant bit of the multiplier is presented to 
the Y input of the Am25LS14A and in the next clock period 
the first bit of the product, Sq, is available at the S output of 
the device. For the next n-1 clock periods, the multiplier bits 
are presented one at a time to the multiplier Y input and the 
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Figure 6. Timing Diagram Showing 18 Clock Cycle Operation of 8 x 8 Multiplication 
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product bits are available one at a time from the S output. For the number range of -1 to and -1 to 1-2“^^"^^are 

the remaining m clock periods, the Serial/Parallel multiplier assumed, only the case of -1 times -1 requires m + n bits to 

requires that either the most significant bit of the multiplier represent the product. All other combinations can be repre¬ 
word, Y, be repeated (two's complement operation) ora string sented correctly in two's complement notation by m + n —1 

of zeroes be applied (if the multiplier is to be treated as an bits. That is, when dealing with fractions, only one bit to the 

unsigned number) to the Y input. left of the binary point carrying a weight of —1 is required ex¬ 

cept for the one special case. This can be used to remove one ad¬ 
it is possible to perform an m n multiplication using only ditional clock cycle from the multiplication process as shown in 

one additional clock cycle. This requires that the clear pulse is Figure 8. The same reasoning applies to integer representations 

presented at the same time as Yq, the least significant Y where the largest negative numbers are and 

multiplier bit. Since the minimum clear pulse width Is 20ns Only m + n bits are required to handle the case of (-2^'^'"^h 

and the clear recovery time is 18ns, the time duration must be (-2^'^‘*'’^). All other products require only m + n-1 bits for a 

at least 38ns minimum for this clock period. A timing diagram correct two's complement product. Let's take an example. If 

for this mode of operation is shown in Figure 7. m = 4 and n = 3, then seven bits are required to represent (—8)* 

(-4) = (+32) in two's complement. All other products for a 
Many applications, especially when using two's complement 3-bit and 4-bit multiplicand and multiplier can be represented 

operands, do not required a full n + m bit product but only an correctly in two's complement form with a 6-bit representa- 

m + n-1 bit product. For example, if fractional operands In tion. 



Figure 7, Timing Diagram Showing 17 Clock Cycle Operation of 8 x 8 Multiplication 



Figure 8. Timing Diagram Showing 16 Clock Cycle Operation for an 8 x 8 Multiplication 
(Assumes a 15-Bit Product Representation) 
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ROUNDING AND TRUNCATION 

Truncation is performed in the Am25LS14A by ignoring the 
appropriate number of least significant bits (LSB's). Unfor¬ 
tunately, no clock cycles can be saved when truncating 
because the product is being developed LSB first. Therefore, 
the truncated bits are the first bits out of the Am25LS14A 
multiplier. The subsystem must be clocked the total number 
of times (m + n) to develop the two's complement product. 
This does have the advantage of saving register bits to hold the 
product from the device. 

To date, the recommended method of rounding is to use one- 
fourth of an Am25LS15 to perform rounding. This technique 
involves adding a one at the bit prior to the LSB of the final 
product using one input of the Am25LS15. The product from 
the multiplier is connected to the other input. This does re¬ 
quire one extra clock cycle to implement rounding. This 
technique works for any combination of multiplicand bits, 
multiplier bits and desired product bits. 

APPLICATIONS 

Eight-Bit by Eight-Bit Multiplier 

A circuit which generates a 16-bit product from an 8-bit by 
8-bit multiplication is depicted in Figure 9. This sub-system 
consists of one Am25LS14A serial/parallel multiplier and two 
Am25LS22 8-bit registers. This configuration accepts an 8-bit 
multiplicand and an 8-bit multiplier from an 8-bit data bus. It 
will return a 16-bit product (8-bit upper byte and 8‘bit lower 
byte) using the same 8-bit bus. 

The Am25LS22 is an 8-bit register designed for performing 
various functions with the Am25LS14A. It can be used to hold 
the multiplier word initially, perform the sign-extend function 
and then hold part of the product. It has separate serial 
input/output capability as well as shared parallel input/outputs. 


The timing sequence for controlling this circuit is shown in 
Figure 10. Twenty-two clock cycles are used in this example 
to fully load, multiply and unload the multiplier subsystem. 
Thus, such an arrangement can be used with any of the popular 
8-bit MOS microprocessors such as the 8080, 6800, 2650, F8 
and others. This allows the multiplication to be performed 
outside of the MOS microprocessor with about two to three 
orders of magnitude improvement in speed. 

Referring to the timing sequence of Figure 10, the multiplier 
word is loaded into the Am25LS22 register at time T^ and 
the multiplicand word is loaded in the Am25LS14A latches 
during time T-). The multiplicand and multiplier words must 
be loaded in this order since there is no hold function on the 
Am25LS14A multiplier. 

During time T 2 through Tiq, the least significant product bits 
are generated and clocked into holding register B. Meanwhile 
the multiplier sign bit is being extended in Register A. The 
sign extend is performed only for the eight clock cycles T 2 
through Tg. During time T-n through T^s, the most significant 
8-bits of the product are developed in the Am25LS14A multi¬ 
plier. Tg is used to load the product sign bit from the mul¬ 
tiplier into the Am25LS22 B register. During the time T-] 
through Tg, the least significant half of the product is trans¬ 
ferred from register B to register A, The remaining two clock 
cycles, T-jg and T 20 are used to unload the product upper and 
lovyer byte back onto the 8-bit data bus. 

The control signals required for this multiplier are shown in 
Figures 9 and 10. Notice that the clear input to the Am25LS14A 
and the Serial/Parallel (S/P) input to the Am25LS22 can be 
connected together with the appropriate don't cares elim¬ 
inated. Other control signals to the Am25LS22 include the 
register enable (RE), sign extend (SE), and the three-state 
control (OE). These signals can.be generated using a counter 
and combinatorial logic gates or a counter and small PROM. 


SERIAL/ 

PARALLEL 

CLOCK 

ENABLE 


SIGN EXTEND 


OUTPUT 

CONTROL 


CLOCK 


CLEAR 



67 

®6 


Be 


B2 

Bo 


MULTIPLIER 
• INPUT/OUTPUT 
BUS 


Figure 9. An 8-Bit by 8-Bit Multiplier with a Full 16-Bit Product Store. 
The inputs and Outputs are Bus Organized on an 8-Bit Bus 
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Figure 10. Timing Sequence for an 8 x 8 Multiplier with Full 16-Bit Product Register 



Figure 11. Complex Arithmetic Multiply Pq = (ArBr - A|B|) + JCArBi + A|Br) 
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COMPLEX ARITHMETIC MULTIPLIER 

The Am25LS14A serial/parallel multiplier, the Am25LS15 
adder/subtractor, and the Am25LS22 eight-bit register can be 
used to perform rapid multiplication in complex arithmetic 
processors. In complex arithmetic notation, each variable Is 
assumed to have a real part and an imaginary part. Thus, 
complex variables Aq and Be may be represented as: 

Ac = Ar -I- jA| 

Be = Br -I- iB| 

The product of Aq and Bq is, of course, complex product Pc 
where: 

Pc = Pr + jP( = Ac Be 

Pc “ (Ar 4- jA|) (Br + ]B| ) 

Pc = (ArBr - A|B|) -I- j(ARB| -I- A|Br) 

From this discussion, the real and imaginary values of the 
product Pc are readily identified. These are: 

pR = ArBr - A|B| 

P| = ArB| + A|Br 

The circuitry required to implement this complex multiplier 
is shown in Figure 11. In this example, the real and imaginary 
values of the Aq variable are loaded into the two Am25LS22 
registers. The real and imaginary values of the Be variable are 


loaded into the latches of the Am25LS14A. This loading of the 
data could be performed simultaneously using all four inputs 
Ar, A|, Br and B| or it could be performed sequentially 
using a pair of inputs or a single input at a time. 

Once the incoming Aq and Be data have been loaded, the 
devices are clocked such that the four intermediate products 
are formed as shown in Figure 11. Then, two of the four 
adder/subtractors in the Am25LS15 are used to complete 
the generation of real product term Pr and the imaginary 
product term P|. 

These product terms Pr and P| can be loaded into four addi¬ 
tional Am25LS22 registers to hold the double length product 
terms Pr and P| (assume least significant bit truncation). 
After the complex multiplication has been completed, the 
Pr and P| variables can be returned to the processor, memory 
or other destination by using the parallel bus outputs of the 
Am25LS22. 


OTHER APPLICATIONS 

Other examples of applications using the Am25LS14A as well 
as the Am25LS15 and Am25LS22 are shown in Figures 12 
through 15. Each of these applications is intended to give the 
design engineer a new approach to solving numerical problems 
Involving digital multiplication. 


X^{8-BITS) Xg(8-BITS) 



PRODUCT = Y X^ Xg Xq Xp 


Four Am25LS14A's can be used to implement the product of five variables Y, X^, Xg, Xq 
and Xd- if each input variable is eight bits, a 40-bit product results and the multiplier array 
must be clocked 40 times. This requires the 8-bit ,Y variable to be sign extended for 32 
additional clock cycles. 



Figure 12. Multiple Operand Multiplications 
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X 



ADD/SUBTRACT 



FUNCTION 1 

NOTES 

1 

P = X * Y -h Y 

= Y (X + 1) 

'LSI 5 in add mode 

2 

P = X •Y - Y 

= Y (X - 1) 

'LSI 5 in subtract mode 

3 

P = X*Y-l-Y-i-1 =Y(X + 1)-l-1 

'LSI 5 is subtract mode for 
clear and add mode for multiply 

4 

P = Y - X • Y 

= Y(1-X) 

'LSI 5 A & B Inputs reversed 


One Am25LS14A, Am25LS15 and Am25LS22 can be used to perform several arithmetic 
functions. Four such functions are shown above. All use a product equal to the multiplicand 
times the multiplier in combination with a function of the multiplier. Additional combina¬ 
tions are possible, especially if more flip-flops are used to change the relative weight of the 
multiplier or product function. 


Figure 13. 


MULTIPLIER INPUT 


Yo 


CLEAR 

(LOAD) 

CLOCK 



A 12'bit by 8-bit unsigned multiplication is performed by tying the four most significant 
multiplicand bits LOW to logic zero. The Am25LS22 is loaded with the 8-bit unsigned 
multiplier. As the multiplier is shifted, a “zero-fill" is accomplished using the input on 
the Am25LS22. Note the MSB M-input is HIGH on the most significantiAm25LS14A. 


Figure 14. 
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One Am25LS14A and Am25LS22 can be used to perform the function on an input vari¬ 
able A. The 8-bit value for A is loaded into the Am25LS22 register in serial form using the 
D/x input. Once loaded, the A value can be transferred to the Am25LS14A multiplicand 
latches via the DYj outputs. Then the product of A-A is formed resulting in A^ at the 
Am25LS14A output. 


Figure 15. 




Am25LS15 

Quad Serial Adder/Subtractor 


DISTINCTIVE CHARACTERISTICS 

• Four independent adder/subtractors 

• Use with two's complement arithmetic 

• Magnitude only addition/subtraction 

• Second sourced by T.l. as Am54LS/74LS385 


LOGIC SYMBOL 

543 678 15 14 13 16 17 18 


1 S, A 2 82 $2 A 3 83 S 3 A 4 84 $4 

3CK 

Am25LS15 

QUAD ADDER/SUBTRACTOR 

EAR 

Fi F2 F3 F4 


2 9 12 19 

Vcc ~ 20 

GND = Pin 10 



FUNCTIONAL DESCRIPTION 

The Am25LS15 is a serial two's complement adder/subtractor 
designed for use In association with the Am25LS14 serial/ 
parallel two's complement multiplier. This device can also be 
used for magnitude only or one's complement addition or 
subtraction. 

Four independent adder/subtractors are provided with com¬ 
mon clock and clear inputs. The add function is A plus B and 
the subtract function is A minus B. The clear function sets the 
internal carry function to logic zero in the add mode and to 
logic one in subtract mode. This least significant carry is self 
propagating in the subtract mode as long as zeroes are applied 
to the A and B inputs at the LSB's. All internal flip-flops 
change state on the LOW-to-HIGH clock transition. 

The Am25LS15 is particularly useful for recursive or non¬ 
recursive digital filtering or butterfly networks in Fast Fourier 
Transforms. 


MPR-332 


LOGIC DIAGRAM 
(One of Four Similar Functions) 



TO 3 OTHER 
ADDER/SUBTRACTORS 


F, SUM 


\ TO 3 OTHER 
I ADDER/SUBTRACTORS 


CONNECTION DIAGRAM 


ORDERING INFORMATION 


Top View 


Vcc ^^4 ^4 ®4 ^4 '^3 % ^3 

nnnnnnnnnn 

20 19 18 17 16 15 14 13 12 11 


1 2345678 9 10 

U U U U U U U U U IJ 


CP F. s. 


'1 “1 ^1 ^2 “2 ^2 ^2 


Sj fj GND 


Package 

Type 

Temperature 

Range 

Order 

Number 

Molded DIP 

0to+70°C 

AM25LS15PC 

Hermetic DIP 

0to+70°C 

AM25LS15DC 

Dice 

0to+70°C 

AM25LS15XC 

Hermetic DIP 

-55to+125°C 

AM25LS15DM 

Hermetic Flat-Pak 

-55to-i-125°C 

AM25LS15FM 

Dice 

-55to-h125°C 

AM25LS15XM 


Note: Pin 1 is marked for orientation. 


MPR-331 
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ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM'L Ta = 0“c to+70°C Vcc = 5.0V ± 5% (MIN. = 4.75V MAX. = 5.25V) 

MIL Ta --55"C to +125°C Vqc = 5.0V ± 10% (MIN. = 4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE Tvn 


Parameters 

Description 

Test Conditions (Note 1 ) 

Min. 

(Note 2) 

Max. 

Units 

Vqh 

Output HIGH Voltage 

Vcc = min., Iqh = -440iuA 

MIL 

2.5 



Volts 

V|N = V|H or V|L 

COM'L 

2.7 



VOL 

Output LOW Voltage 

Vcc ~ MIN. 

lOL “ 4.0mA 



0.4 

Volts 

V|N = V|H or V|L 

Iql 8.0mA 



0.45 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 

MIL 



0.7 

Volts 

voltage for all inputs 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc = min,, I|N = -18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max., V||\| =0.4V 



-0.36 

mA 

hH 

Input HIGH Current 

Vcc " max., V|n = 2.7 V 



20 

mA 

'I 

Input HIGH Current 

Vcc "" max., V|N = 7.0V 



0.1 

mA 

isc 

Output Short Circuit Current 
(Notes)' ! 

Vcc = max. 

-15 


-85 

mA 

*cc 

Power Supply Current 
(Note 4) 

Vcc = max. 


48 

75 

mA 


Notes; 1. For conditions shown as Min. or Max., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. All inputs HIGH, measured after a LOW-to-HlGH clock transition. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

~55°C to+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5V to +7.0V 

DC Voltage Applied to Outputs for HIGH Output State 

—0.5 V to +Vcc i^ax 

DC Input Voltage 

-0.5Vto+7.0V 

DC Output Current, Into Outputs 

30mA 

pc Input Current 

—30mA to +5.0mA 


SWITCHING CHARACTERISTICS 

{Ta = +25°C, Vcc = 5.0V) 

Parameters Description Min. Typ. Max. Units Test Conditions 


tPLH 

Clock to Output 


14 

22 

— 

ns 

Cl = 15pF 

Rl ~ 2.0kf2 1 

<PHL 


14 

22 

tPHL 

Clear to Output 


20 

30 

ns 

*s 

A, B, S 

10 



ns 

th 

0 



ts 

Clear Recovery 

25 



ns 

th 

Clear Hold Time 

0. 



ns 

^pw 

Clock 

HIGH 

17 



ns 

LOW 

17 


j 

^pw 

Clear LOW 

20 



ns 


Maximum Clock Frequency 

30 

40 


MHz 


Note 1. Per industry convention, f^gx's the worst case value of the maximum device operating frequency with no constraints on the t^, tf, 
pulse width or duty cycle. 
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SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE* 

Parameters Description 

Am25LS COM'L 

Am25LS MIL 

Units Test Conditions 

Ta = 0°C to +70°C 
Vcc = 5.0V ±5% 
Min. Max. 

Ta = -55°Cto +125°C 
Vcc = 5.0V ±10% ' 

Min. Max. 

tpLH 

Clock to Output 


33 


38 


Cl = 50pF 

Rl = 2 .0kn 

fpHL 


33 


, 38 

*PHL 

Clear to Output 


43 


50 


ts 

A, B, S 

17 


20 



th 

4 


5 


ts 

Clear Recovery 

37 


42 


ns 

th 

Clear Hold Time 

4 


5 



tpw 

Clock 

HIGH 

26 


30 



LOW 

26 


30 


tpw 

Clear LOW 

30 


35 



fmax^l'^ots 1 ) 

Maximum Clock Frequency 

23 


20 




*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


DEFINITION OF FUNCTIONAL TERMS 


Ai, A2, A3, A4 
Bi, B2, 63, B4 
Si, S2, S3, $4 


Fi,F2/F3,F4 


The "A” input into each adder/subtractor 
The “B" input into each adder/subtractor 

The add subtract control for each adder/ 
subtractor. When S is LOW, the F function 
is A+B. When S is HIGH, the F function 
is A-B. 

The four independent serial outputs of the 
adder/subtractor. 


CP Clock 


CLR Clear 


The clock input for the device. All internal 
flip-flops change state on the LOW-to-HIGH 
transition. 

When the clear input is LOW, the four 
independent adder/subtractors are asynchro¬ 
nously reset. The sum flip-flop is always set 
to logic “0". The carry flip-flop is set to 
logic “ 0 " in the add mode and logic " 1 " in 
the subtract mode. 


FUNCTION TABLE 



External Inputs 


Internal 

Point 

Output 


CP 

CLR 

s 

A 

B 

C 

Cl 

F 

Function 

X 

L 

L 

X 

X 

L 

L 

L 

Clear 

X 

L 

H 

X 

X 

H 

H 

L 


L 

H 

X 

X 

X 

NC 

NC 

NC 


H 

H 

X 

X 

X 

NC 

NC 

NC 


t 

H 

L 

L 

L 

L 

L 

L 


t 

H 

L 

L 

L 

H 

L 

H 


t 

H 

L 

L 

H 

L 

L 

H 


t 

H 

L 

L 

H 

H 

H 

L 

Add 

t 

H 

L 

H 

L 

L • 

L 

H 


t 

H 

L 

H 

L 

H 

H 

L 


t 

H 

L 

H 

H 

L 

H 

L 


t 

H 

L 

H 

H 

H 

H 

H 


t 

H 

H 

L 

L 

L 

L 

H 


t 

H 

H 

L 

L 

H 

H 

L 


t 

H 

H 

L 

H 

L 

L 

L 


t 

H 

H 

L 

H 

H 

L 

H 

Subtract 

t 

H 

H 

H 

L 

L 

H 

L 


t 

H 

H 

H 

L 

H 

H 

H 


t 

H 

H 

H 

H 

L 

L 

H 


t 

H 

H 

H 

H 

H 

H 

L 



Am25LS* Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



C = Data In the Carry Flip-Flop Before the Clock Transition 
= Data In the Carry Flip-Flop After the Clock 
X = Don't Care 

NC = No Change 

H = HIGH 

L = LOW 

t = LOW-to-HIGH Transition 


Note: Actual current flow direction shown. 
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APPLICATIONS 

The normal butterfly network associated with the Cooley- 
Tukey Fast Fourier Transform (FFT) algorithm is shown 
below. Here we assume A, B, C, D and W are all complex 
numbers such that: 

A = AR+jA| 

B = BR+jB| 

W= WR+jW| 

The outputs C and D are also complex numbers and are 
evaluated as: 

C = CR+jC| = (AR+BRWR—B|W|)+j{A| + BRW| + B|WR) 

D = CR+jD,=(AR-BRWR+B|W,)+i(A,-BRW,-B,WR) 


The four multiplications can be implemented using four 
Am25LS14 serial-parallel multipliers (the appropriate number 
of bits must, of course, be used). The additions and the 
subtractions are implemented using the Am25LS15 quad serial 
adder/subtractors. This diagram depicts only the basic data 
flow; binary weighting of the numbers, rounding, truncation, 
etc. must be handled as required by the individual design 
parameters. 


FAST FOURIER TRANSFORM <FFT) BUTTERFLY 



An FFT butterfly connection for complex arithmetic inputs and outputs. 


Functional Diagram 
for FFT Butterfly Connection 


A B 



Metallization and Pad Layout 



DIE SIZE 0.095” X 0.095” 
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Am25S18 

Quad D Register with Standard and Three-State Outputs 


Distinctive Characteristics 

• Advanced Schottky technology 

• Four D-type flip-flops 

t Four standard totem-pole outputs 


• Four three-state outputs 

• 75 MHz clock frequency 


FUNCTIONAL DESCRIPTION 


LOGIC DIAGRAM 


The Am25S18 consists of four D-type flip-flops with a buffered 
common clock. Information meeting the set-up and hold 
requirements on the D inputs is transferred to the Q outputs 
on the LOW-to-HIGH transition of the clock. 

The same data as on the Q outputs is enabled at the three- 
state Y outputs when the '"output control” (OE) input is LOW. 
When, the OE input is HIGH, the Y outputs are in the high- 
impedance state. 

The Am25S18 is a 4-bit, high speed Schottky register intended 
for use in real-time signal processing systems where the 
standard outputs are used in a recursive algorithm and the 
three state outputs provide access to a data bus to dump the 
results after a number of iterations. 

The device can also be used as an address register or status 
register in computers or computer peripherals. 

Likewise, the Am25S18 is also useful in certain display appli¬ 
cations where the standard outputs can be decoded to drive 
LED's (or equivalent) and the three-state outputs are bus 
organized for occasional interrogation of the data as displayed. 


ORDERING INFORMATION 



STANDARD 

OUTPUTS 


THREE-STATE 

OUTPUTS 


Package Temperature Order 

Type Range Number 


Molded DIP 
Hermetic DIP 
Dice 

Hermetic DIP 
Hermetic Flat-Pak 
Dice 


Oto +70°C 
0to-f70°C 
0 to +70°C 
-55to+125°C 
-55to-h125°C 
-55to+125°C 


CONNECTION DIAGRAM 
Top View 


AM25S18PC 

AM25S18DC 

AM25S18XC 

AM25S18DM 

AM25S18FM 

AM25S18XM 


RELATED PRODUCTS 


Part No. 

Description 

Am25S07 

Register 

Am25S08 

Register 

Am25S09 

Register 

Am25S374 

Register 

Am29821-26 

Register 


LOGIC SYMBOL 


VCC Q3 ^3 °2 ^2 ^2 CP 



13 12 11 10 9 

Am25S18 

4 5 6 7 8 


Dq Qq ^0 °1 °1 '^1 OE OND 


Note: Pin 1 |s marked for orientation. 


1 4 12 15 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

-0.5V to +7V 

DC Voltage Applied to Outputs for HIGH Output State 

—0.5V to +Vcc niax. 

DC Input Voltage 

-0.5V to +5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

—30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am25S18XC 

= 0'"C to +70'"C 

, Vec = 5.0V + 5% (COM'L) MIN. = 4.75V 

MAX. = 5.25V 




Am25S18XM 

= -55"C to +125"C 

VcQ= 5.0V t 10% (MIL) MIN. = 4.5V 

MAX. = 5.5V 

Typ. 



Parameters 

Description 

Test Conditions (Note i) 

Min. 

(Note 2) 

Max. 

Units 


VqH 

Output HIGH Voltage 

— 

Vec = min., 

V|N = V|H or V||_ 

— 

Q Iqh ~ —ImA 

MIL 

2.5 

3.4 


Volts 

COM'L 

2.7 

3.4 


Y 

XM, Iqh = -2mA 

2.4 

3.4 


Iqh —6.5mA 

2.4 

3.2 


VoL 

Output LOW Voltage (Note 6) 

Vec = min., Iql = 20mA 

V|NfV|HorV|L 



0.5 

Volts 

VlH 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

V, 

Input Clamp Voltage 

Vec ~ MIN., I|(\| = —18mA 



-1.2 

Volts 

•iL 

(Note 3) 

Input LOW Current 

Vec = max., V|(vi = 0.5V 



-2.0 

mA 

•iH 

(Note 3) 

Input HIGH Current 

Vec max., V|n - 2.7V 



50 

i 

mA 

l| 

Input HIGH Current 

Vec = max., V|N = 5.5V 



1.0 

mA 


Y Output Off-State 

Leakage Current 

Vec == max. 

Vq - 2.4V 



50 

fiA 

Vq = 0.4V 


. 1 

-50 

•sc 

Output Short Circuft Current 
(Note 4) 

Vec = max. 

-40 


-100 

mA 

•cc 

Power Supply Current 

Vec = max. (Note 5) 


80 

130 

mA 


Notes: 1. 
2 . 

3. 

4. 

5. 

6 . 


For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
Typical limits are at V^c “ 5.0 V, = 25°C ambient and maximum loading. 

Actual input currents = Unit Load Current x Input Load Factor (see Loading Rules). 

Not more than one output should be shorted at a time. Duration of the short circuit test shoud not exceed one second. 

Ice 'S measured with all inputs at 4.5V and all outputs open. 

Measured on Q outputs with Y outputs open. Measur.ed on Y outputs with Q outputs open. 
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Switching Characteristics (Ta = +25°c, Vcc = 5.0V, Rl = 2800) 


Parameters 

Description 


Test Conditions 

Min. 

Typ. 

Max. 

Units 

tPLH 

Clock to Q Output 



6.0 

9.0 

ns 

tpHL 



8.5 

13 

^pw 

Clock Pulse Width 

HIGH 


7.0 



ns 


LOW 


9.0 




ts 

Data 

C|_=15pF 

5.0 



ns 

th 

Data 


3,0 



ns 

tPLH 

Clock to Y Output 



-1 

6.0 

9.0 


tPHL 

(OE LOW) 




8.5 

13 


tZH 



Cl = 15pF 


12.5 

19 


tZL 

Output Control to Output 


12 

18 

ns 

tHZ 

Cl = B.OpF 


4.0 

6.0 

^LZ 




7.0 

10.5 


^max 

Maximum Clock Frequency 

Cl = 15pF 

75 

100 


MHz 
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TRUTH TABLE 


INPUTS 

OUTPUTS 

NOTES 

OE 

CLOCK 

CP 

D 

Q 

Y 

H 

L 

X 

NC 

Z 

_ 

H 

H 

X 

NC 

Z 

— 

H 

t 

L 

L 

z 

— 

H 

t 

H 

H 

z 

— 

L 

t 

L 1 

L 

L 

— 

L 

t 

H 

H 

H 

— 

L 

- 

- 

L 

L 

1 

L 

_ 1 

- 

- 

H 

H 

1 


L = LOW NC = No change 

H = HIGH t = LOW to HIGH transition 

X = Don't care Z = High impedance 


Note: 1. When OE is LOW, the Y output will be in the same logic 
state as the Q output. 


DEFINITION OF FUNCTIONAL TERMS 

Dj The four data inputs to the register. 

Qj The four data outputs of the register with standard 
totem-pole active puli-up outputs. Data is passed non- 
inverted. 

Y[ The four three-state data outputs of the register. When 
the three-state outputs are enabled, data is passed non- 
inverted. A HIGH on the "output control" input forces the 
Yj outputs to the high-impedance state. 

CP Clock. The buffered common clock for the register. 
Enters data on the LOW-to-HIGH transition. 

OE Output Control. When the OE input is HIGH, the Yi 
outputs are in the high-impedance state. When the OE input 
is LOW, the TRUE register data is present at the Y| outputs. 


LOADING RULES (In Unit Loads) 

Fan-out 


Input/Output 

Pin No/s 

Input 
Unit Load 

Output 

HIGH 

Output 

LOW 

Do 

1 

1 

- 

.... 

Do 

2 

- 

20 

10* 

YO 

3 

- 

40/130 

10* 

Dl 

4 

1 

- 

- 

Dl 

5 

- 

20 

10* 

Yl 

6 

- 

40/130 

10* 

OE 

7 

1 

- 

- 

GND 

8 

- 

- 

- 

CP 

9 

1 


-- 

Y2 

10 

- 

40/130 

10* 

02 

11 

~ 

20 

10* 

D2 

12 

1 

- 

- 

Y3 

13 

- 

40/130 

10* 

Q3 

14 


20 

10* 

D3 

15 

1 

.. 

- 

Vcc 

16 

- 

- 

- 


A Schottky TTL Unit Load is defined as 50/xA measured at 2.7V 
HIGH and —2.0mA measured at 0.5V LOW. 

*Fan-out on each Qj and Yj output pair should not exceed 15 unit 
loads (30mA) for i = 0, 1,2, 3. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



Note; Actual current flow direction shown. 
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Am25LS22 

8-Bit Serial/Parallel Register with Sign Extend 


DISTINCTIVE CHARACTERISTICS 


FUNCTIONAL DESCRIPTION 


• Three-state outputs with multiplexed input 

• Multiplexed serial data input 

• Sign extend function 

• Second sourced by T.l. as Am54LS/74LS322 


The Am25LS22 is an eight-bit serial/parallel register built using ad¬ 
vanced Low-Power Schottky processing. The device features gn eight- 
bit parallel multiplexed input/output port to provide improved bit 
density in a 20-pin package. Data may also be loaded into the device in 
a serial manner from either input or Dg. A serial output, Qq, is 
also provided. 


The Am25LS22 is specifically designed for operation with the 
Am25LS14 serial/parallel two's complement multiplier and provides 
the sign expend function required for this device. 


RELATED PRODUCTS 
Part No. Description 

Am25LS23 8-Bit Shift/Storage Register 


When the Register Enable (RE) input is HIGH, the register will retain 
its current content s. Sy nchronous parallel loading is accomplished by 
applying a LOW to RE and applying a LOW to the Serial/Parallel (S/P) 
input. This pla ces the three-state outputs in the high-impedance state 
independent of OE and allows data that is applied on the input/output 
lines (DYj) to be clocked into the register. When the S/P input is HIGH, 
the device will shift right. The Sign Extend (SE) input is used to repeat 
the sign in the Qy flip-flop. This occurs whenever SE is LOW when the 
SHIFT mode is selected. When SE is high, the serial two-input multi¬ 
plexer is enabled. Thus, either D/\ or Dg can be selected to load data 
serially. The register changes state on the LOW-to-HIGH transition of 
the clock. A clear input (CLR) is used to asynchronously reset all flip- 
flops when a LOW is applied. 


LOGIC DIAGRAM 



MPR-333 


CONNECTION DIAGRAM 


ORDERING INFORMATION 


Top View 


Vcc s SE Dg DYe DY4 DY2 DYq Qq CP 

n n n n □ n n n 



U □ U U U U U 

RE S/P DY; DY5 DY3 DYi OE CLR GND 


Package 

Type 

Temperature 

Range 

Order 

Number 

Molded DIP 

0 to +70°C 

AM25LS22PC 

Hermetic DIP 

0to-f-70°C 

AM25LS22DC 

Dice 

Oto +70°C 

AM25LS22XC 

Hermetic DIP 

-55 to+125°C 

AM25LS22DM 

Hermetic Flat-Pak 

-55 to+125°C 

AM25LS22FM 

Dice 

-55 to+125°C 

AM25LS22XM 


Note: Pin 1 is marked for orientation. 


MPR-334 


9-59 










Am25LS22 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM'L Ta = 0°c to +70°C Vcc = 5.0V ± 5% (MIN. = 4.75V MAX. = 5.25V) 

MIL TA = -55°Cto+125°C Vcc = 5.0V ±10% (MIN. = 4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note i) 


Typ. 

Min. (Note 2 ) Max. Units 


VqH 

Output HIGH Voltage 

Vcc “ MIN. 

V|N = V(H or V|L 

Qq. ^OH -440juA 

MIL 

2.5 



Volts 

COM'L 

2-7 



DYj, Iqh ~ —1.0mA 

MIL 

2.4 



DYj, lOH =-2.6mA 

COM'L 

2.4 



VOL 

Output LOW Voltage 

Vcc = min. 

V|N = V|H or ViL 

' ^OL ^ 4.0mA 



0.4 

Volts 

< 

E 

q 

00 

_i 

O 



0.45 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc = min., I|n = -18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max., V|N =0.4V 

SE 



-1.08 

mA 

S 



-0.72 

Others 



-0.36 

l|H 

Input HIGH Current 

Vcc = max., V|m = 2.7V 
(Except DYj) 

SE ' 



60 

mA 

S 



40 

Others 



20 

l| 

Input HIGH Current 

Vcc = max., 

(Except DYj) 

Vin = 7.0V 

OE, S/P,RE,CP,CLR 



0.1 

mA 

V|n = 5.5V 




0.3 

S 



0.2 

Others 



0.1 

■oz 

Off State (High Impedance) 
Output Current (DY-,) 

Vcc = max. 

Vq = 2.4V 



40 

mA 

Vo = 0.4 V 



-100 

■sc 

Output Short Circuit Current 
(Note 3) 

1 

Vcc = max. 

-15 


-85 

mA 

•cc 

1 

Power Supply Current 

Vcc " max. 


40 

65 

mA 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits,are at Vcc ~ 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150®C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5Vto+7.0V 

DC Voltage Applied to Outputs for HIGH Output State 

-0.5V to +Vcc hnax. 

DC Input Voltage (OE, S/P, RE, CP, CLR) 

-0.5V to +7.0V 

DC Input Voltage (Others) 

-0.5V to +5.5V 

DC Output Current, Into Outputs 

30 mA 

DC Input Current 

-30mA to +5.0mA 
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SWITCHING CHARACTERISTICS (Ta = +25"c, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 


tPLH 

Clock to DYj 


16.5 

24 

ns 

Rl = 2.0kf2, 

Cl=15pF 

tPHL 


18 

26 

tpHL 

Clear to DYj 



30 

ns 

tPLH 

Clock to Qq 


16.5 

24 

ns 

Vhl 


18 

26 

tPHL 

Clear to Qq 


23 

30 

ns 

tZH 

OE to DYj 


13 

21 

ns 

tZL 


18 

CO 

CN 

tHZ 


13 

21 

Rl_ = 2.0kS7, 

Cl=5pF 

tLZ 


18 

26 

tZH 

• 

SER/PAR to DYj 


18 

26 

ns 

RL = 2.0k^2, 

Cl= 15pF 

tZL 


23 

32 

tHZ 


18 

26 

Rl_ = 2.0kn, 

Cl = 5pF 

tLZ 


23 

32 

ts 

RE to Clock 

20 



ns 

RL = 2.0kr2, 

Cl = 15pF 

ts 

SE to Clock 

10 


. .. 

ts 

S to Clock 

15 



ts 

Da and Dg to Clock 

15 



tg I DYj (Load) to Clock 

15 



tg . Clear Recovery to Clock 

8.0 



ts 

S/P to Clock 

15 



ns 

th 

Any Input 

0 



th 

Clear Hold 

0 



ns 

tpw 

Clock 

HIGH 

8.0 



ns 

LOW 

8.0 



tpw 

Clear 

20 



ns 

tmax^l^ote 1 ) 

Maximum Clock Frequency 

35 

50 


MHz 


Note 1. Per industry convention, fmax 'S the worst case value of the maximum device operating frequency with no constraints on tr, tf, 
pulse width or duty cycle. 


FUNCTION TABLE 



INPUTS 

OUTPUTS 

Mode 

Clear 

Register 

Enable 

Serial/ 

Parallel 

Sign 

Extend 

Mux 

Select 

OE* 

Clock 

DY7 

DYg 

DY5 

DY4 

DY3 

DY2 

DYi 

DYo 

Qo 


L 

H 

X 

X 

X 

L 

X 

L 

L 

L 

L 

L 

L 

L 

L 

L 

Clear 

L 

L 

H 

X 

X 

L 

X 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

X 

X 

L 

X 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

L 


L 

X 

X 

X 

X 

H 

X 

z 

z 

Z 

z 

2 

z 

Z 

Z 

L 

Parallel Load 

H 

L 

L 

X 

X 

X 

■r 

D 7 

De 

Ds 

D 4 

D 3 

□2 

Di 

Do 

Do 

Shift Right 

H 

L 

H 

,H 

L 

L 

t 

Da 

Yyn 

Yen 

Yen 

''^4n 

Yan 

Y2n 

Yin 

Yin 

H 

L 

H 

H 

H 

L 

T 

Db 

Y7n 

Yen 

Yen 

Y4n 

Yan 

Y2n 

Yin 

Yin 

Sign Extend 

H 

L 

H 

L 

X 

L 

t 

Yyn 

Y7n 

Yen 

Yen 

Y4n 1 

Ysn 

Y2n 

Yin 

Yin 

Hold 

H 

H 

X 

X 

X 

lJ^ 

L_^ 

NC 

1 _ 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


L = LOW H = HIGH 

t = Clock LOW-to-HIGH Transition NC = No Change 

X = Don't Care Z = High-impedance Output State 

*When the OE input is HIGH, all input/output terminals are at the high-impedance state; sequential operation or clearing of the register is not 
affected. 

D 7 , D 0 . . . Do = the level of the steady-state input at the respective DYp terminal Is loaded into the flip-flop while the flip-flop outputs (except 
Qq) are isolated from the DYp terminal. 

□ a, Dg = the level of the steady-state inputs to the serial multiplexer input. 

^70/ ^Sn- • • ^On “ the level of the respective Op flip-flop prior to the last Clock LOW-to-HIGH transition. 
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Am25LS22 


SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE* 

Parameters Description 

Am25LSCOM'L 

Am25LS MIL 

Units Test Conditions 

Ta = OX to +70X 
Vcc = 5.0V ±5% 
Min. Max. 

Ta = -55X to +125X 
Vcc = 5.0V ±10% 
Min. Max. 

tPLH 

Clock to DYj 


35 


41 

ns 

Cl 50pF 

Rl = 2,Oka 

^PHL 


38 


44 

tpHL 

Clear to DYj 


43 


50 

ns 

*PLH 

Clock to Qq 


35 


41 

ns 

tpHL 


38 


44 

tpHL 

Clear to Qq 


43 


50 

ns 

*ZH 

OE to DYj 


32 


36 

ns 

tZL' 


38 


44 

^HZ 


28 


31 

Cl = B.OpF 

Rl - 2.Oka . 

tLZ 


34 


39 

^ZH 

SER/PAR to DYj 


38 


44 

ns 

C| - 50pF 

Rl' - 2 .Oka 

tZL 


46 


5:^ 

^HZ 


34 


39 

Cl = 5.0pF 

Rl = 2 ,Oka 

tLZ 


42 


48 

ts 

RE to Clock 

30 


35 



Cl = 50pF 

RL = 2.0ka 

ts 

SE to Clock 

17 


20 



ts 

S to Clock 

□a and Db to Clock 

24 


27 


ns 

ts 

24 


27 


ts 

DYj (Load) to Clock 

24 


27 



ts 

Clear Recovery to Clock 

15 


17 



ts ^ 

S/P to Clock 

Any Input 

24 


27 


ns 

th 



5 


th 

Clear Hold 

■ 4 


5 


ns 

tpw 

Clock 

HIGH 

15 .| 


17 


ns 

LOW 

15 


17 


tpw 

Clear 

30 


35 


ns 

tmax^^otel) 

Maximum Clock Frequency 

26 


23 


MHz 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS22 


DEFINITION OF FUNCTIONAL TERMS 

DY| The multiplexed parallel input/output port to the 
device. Data may be parallel loaded into the 
register or data can be read in parallel from the 
register on these pins. These outputs can be forced 
to the high-impedance state, i = 0 through 7. 

Qo The continuous output from the Qq flip-flop of 
the register. This output is used for serial shifting. 

RE Register Enable. When RE is LOW, the register 
functions are enabled. When RE is HIGH, the 
register functions (parallel load, shift right and sign 
extend) are inhibited. 

S/P Serial/Parallel. When S/P is LOW, the register can 
be synchronously parallel loaded. This input forces 
the register output buffers to the high-impedance 
state independent of the OE input. When S/P is 
HIGH, the register contents are shifted right on 
the clock LOW-to-HIGH transition. 

SE Sign Extend. When the SE input is LOW, the 
contents of the Qy flip-flop will be repeated in 
the Qy flip-flop as the register is shifted right. 
When SE is HIGH, the two-input multiplexer 
(Da and Db) is enabled to enter data during the 
serial shift right. The Qy flip-flop (DYy) is nor¬ 
mally considered the MSB of the register for 
arithmetic definitions. 


Da» Db The serial inputs to the device. 

S Multiplexer Select. When S is LOW, the Da serial 

Input is selected. When S Is HIGH, the Db serial 
input is selected. 

CLR Clear. The asynchronous clear to the register. 
When the clear is LOW, the outputs of the flip- 
flops are set LOW independent of all other inputs. 
When the clear is HIGH, the register will perform 
the selected function. 

CP Clock. The clock pulse for the register. Register 
operations occur on the LOW-to-HIGH transition 
of the clock pulse. 

OE Output Control. When the OE input is HIGH, the 
eight DYj outputs are in the high-impedance state. 
When OE is LOW, data in the eight flip-flops will 
be present at the register parallel outputs unless 
S/P is LOW. 


INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 


DYj Only 


Other Pins 



Note: Actual current flow direction shown. 
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Am25LS22 


APPLICATION 


CLEAR - 
CLOCK - 


SE S/P RE 


DY7 DYg PY5 DY4 DY3 DYj DY-i DYq 


SE S/P RE 


DY7 DYg DYg DY4 DY3 DYj DY, DYq 


Yi5 Yi4 Y,3 Yi2 Y^ Y^q Yg Yg 
MSB LSB 

UPPER BYTE 


Y? Yg Yg Y4 Y3 Y2 Y7 Yg 


16-BIT DATA BUS 


SYSTEM 

OPERATION 

Am25LS22 

UPPER BYTE 

Am25LS22 
LOWER BYTE 

FUNCTION 

SE 

S/P 

RE 

OE 

SE 

S/P 

RE 

OE 

Description 

Load lower byte and 
extend lower byte sign 
to upper byte 

H 

H 

L 

X 

X 

L 

L 

X 

Load from Bus 

L 

H 

L 

H 

X 

X 

H 

H 

7 clock cycles to 
extend sign 

. 

Load upper byte and 
extend upper byte sign 
while shifting value to 
lower byte position 

X 

L 

L 

X 

X 

X 

X 


Load from Bus 

H 

H 

L 

H 

H 

H 

L 

H 

8 clock cycles to extend 
upper byte sign and shift 
upper byte into lower byte 
position 

1 

Read 16-bit word to Bus 1 
_i 

X 

X 

X 

L 

X 

X 

X 

L 

Unload 


Two Am25LS22 8-bit registers can be used to perform the sign extend associated with two's complement 8-bit bytes 
for arithmetic operations in a 16-bit machine. If the upper byte value is to be used, it is shifted to the lower bit posi¬ 
tions and its sign is extended. If the lower byte value is to be used, it is held in place while the sign is extended down¬ 
ward from the MSB position of the upper byte. 


Metallization and Pad Layout 



10 GND 


DIE SIZE 0.096" X 0.112” 




Am25LS23 

8-Bit Shift/Storage Register with Synchronous Clear 


DISTINCTIVE CHARACTERISTICS 

• Synchronous clear 

• Three-state outputs 

• Common input/output pins 

• Cascadable shifting 

• Second sourced by T.l. as 54LS/74LS323 


RELATED PRODUCTS 
Part No. Description 


FUNCTIONAL DESCRIPTION 

The Am25LS23 is an 8-bit universal shift/storage register with 
3-state outputs. The function is similar to the Am25LS299 
with the exception of a synchronous clear function. Parallel 
load inputs and register outputs are multiplexed to allow the 
use of a 20-pin package. Separate continuous outputs are aJso 
provided for flip-flops Qq and Qy. 

Four modes of operation are possible - Hold (store), Shift- 
left, Shift-right arid.Load Data. The Am25LS23 has a typical 
shift frequency of 50MHz, The Am25LS23 is packaged in a 
standard 20-pin package. 


Am25LS22 8-Bit Serial/Parallel Register 


LOGIC DIAGRAM 


Si So 



CONNECTION DIAGRAM 


ORDERING INFORMATION 


Top View 


Vcc Sl Qy DYy DYg DY3 DY^ CP Sp 

20 19 18 17 16 15 14 13 12 11 




* 

1 2,3 4 5 6 7 8 9 10 

U U U U LJ LJ U U' U □" 

Sq G, Gy DYg DY4 DYy DYq Qq CLR GND 


Package 

Type 

Temperature 

Range 

Order 

Number 

Molded DIP 

Oto +70°C 

AM25LS23PC 

Hermetic DIP 

0 to +70°C 

AM25LS23DC 

Dice 

0to+70°C 

AM25LS23XC 

Hermetic DIP 

-55 to+125°C 

AM25LS23DM 

Hermetic Flat-Pak 

-55 to+125X 

AM25LS23FM 

Dice 

-55 to+125°C 

AM25LS23XM 


Note: Pin 1 is marked for orientation. 
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Am25LS23 

ELECTRIGAL CHARACTERISTICS The following conditions apply unless otherwise specified: 

COM'L Ta = 0°C to +70°C Vcc = 5.0V ± 5% (MIN. = 4.75V MAX. = 5.25V) 

MIL Ta =-55°C to +125'’C Vcc = 5.0V ±10% (MIN. = 4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE jyp. 

Parameters_ Description_Test Conditions (Note i) __ Min. (Note 2) Max._ Units 


Vqh 

Output HIGH Voltage 

Vcc = MIN- 
V|N = V|H or 
Vql 

Qq. ^7 

•oh ~ —440mA 

MIL 

2.5 



Volts 

COM'L 

2.7 



DY 0 -DY 7 

MIL, Iqh = -10mA 

2.4 



COM'L, Iqh = - 2 . 6 mA 

2.4 



VOL 

Output LOW Voltage 

Vcc = min. 

V|N = V|H or V|L 

•OL 4.0mA 


0.25 

0.4 

Volts 

•OL “ 8.0mA 


0.35 

0.45 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

Vl 

Input Clamp Voltage 

Vcc ~ min., I||\| = —18mA 



-1.5 

Volts 

'IL 

Input LOW Current 

Vcc = MAX., V|N =0.4V 

So-Si 



- 0.8 

mA 

All others 



-0.4 

»IH 

Input HIGH Current 

Vcc = max., V|n = 2.7 V 
(Except DYj) 

So. Si 



40 

mA 

All others 



20 

l| 

Input HIGH Current 

Vcc = max., 

(Except DYj) 

< 

z 

< 

So. Si 



0.2 

mA 

Gi,G 2 , CLR, CP 



0.1 

1 V|n = 5.5V 

Others 



0.1 

•oz 

Off-State (High Impedance) 
Output Current 

Vcc " max. 

Vo = 0.4V 



-100 

mA 

Vo = 2.4V 



40 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-85 

mA 

•cc 

Power Supply Current 

Vcc = max. (Note 4) 


38 

60 

mA 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqc ~ 5.0 V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. 

4. Ice ~ measured with clock input HIGH and output controls HIGH. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 



-65°Cto+150°C 

Temperature (Ambient) Under Bias 



-55°Cto+125°C 

Supply Voltage to Groupd Potential Continuous 



-0.5 V to +7.0V 

DC Voltage Applied to Outputs for HIGH Output State 



—0.5V to +Vcc 

DC Input Voltage (Sq, Si, Gi^ G 2 , CLR, CP) 



-0.5V to +7.0V 

DC Input Voltage (Others) 



-0.5Vto+5.5V 

DC Output Current, Into Outputs 



30mA 

DC Input Current 



-30mA to +5.0mA 

SWITCHING CHARACTERISTICS (Ta = +25°C, Vcc = 5.0V) 
Parameters Description Min. Typ. 

Max. 

Units 

Test Conditions 


tPLH 

Clock to Qq or Q 7 


18 

26 

ns 


tPHL 


23 

28 


tpLH 

Clock to DYj 


18 

26 

ns 


tPHL 


21 

28 


*s 

Si, Sq Set-up Prior to Clock 

12 



ns 

Ci_ = 15pF 

h 

DYj or Sr, Sl Set-up Prior to Clock 

12 



ns 

RL = 2 . 0 kl 2 

tpw 

Pulse Width (Clock) 

15 



ns 


ts 

Clear to Clock 

15 



ns 


tzH 

Si, Sq, Gi , G 2 to DYj 


18 

30 

ns 


tZL 


20 

30 


<LZ 

Si, Sq, Gi r ^ 2 ' 1° 5^^! 


22 

33 

ns 

C[_ - 5.0pF 

tHZ 


16 

23 

Rl_ = 2.0kn 

^max 

Maximum Clock Frequency (Note 1) 

35 

50 


MHz 



Note 1. Per industry convention, f^gx 'S the worst case value of the maximum device operating frequency with no constraints on tp tf, 
pulse width or duty cycle. 
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Am25LS23 


SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE* 

Parameters Description 

Am25LS COMX 

Am25LS MIL 

Units Test Conditions 

Ta = 0°C to +70°C 
Vcc = 5.0V ±5% 
Min. Max. 

Ta = -55°Cto +125°C 
Vcc = 5.0V ±10% 
Min. Max. 

tPLH 

Clock to Qq or Qy 


38 


44 

ns 

Cl = 50pF 

Rl = 2.0kn 

tPHL 


40 


47 

tpLH 

Clock to DYj 


38 


44 

ns 

^PHL 


40 


47 

ts 

’"“ts... 

S-j, Sq Set-up Prior to Clock 

20 


23 


ns 

DYj or Sr, Sl Set-up Prior to Clock 

20 


23 


ns 

*pw 

ts 

Pulse Width (Clock) 

24 


27 


ns 

Clear to Clock 

24 


27 


ns 

tZH 

S-|, Sq, G-j, G2 to DYj 


43 


50 

ns 

tZL 


43 


50 

tLZ 

S-|, Sq, G-|, G2 to DYj 


43 


50 

ns 

Cl = 5.0pF 

Rl = 2.0ka 

tRZ 


30 


35 

^max 

Maximum Clock Frequency (Note 1) 

26 


23 


MHz 



*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9 . 


DEFINITION OF FUNCTIONAL TERMS 


Sr 

Shift right data input to Q 7 

So. Si 

Mode selection control lines used to control 
input (output during load) conditions 

Sl 

Shift left data input to Qq 

Gi, G2 

Active LOW input to control three-state output 

Clear 

Active LOW synchronous input forcing the Qq 

Qo. Qy 

DY0-DY7 

in active LOW AND configuration 


through Qy register to see LOW conditions, 
visable only if outputs are enabled 

The only two direct outputs; used to cascade 
shift operations 

Input/Output line dependent on mode and out¬ 

Clock 

A LOW-to-HIGH transition will result in the 
register changing state to next state as described 
by mode and input data condition 


put control. Input only with mode select 
LOAD. Output in all other modes but subject 
to output select (Gi , G2). 


TRUTH TABLE 


FUNCTION 

INPUTS 

OUTPUTS 

INPUTS/OUTPUTS 

Sr 

Sl 

CLEAR 

CLOCK 

So 

Si 

Gi G2 

Qo 

Q7 

DYo 

DYi 

DY2 

DY3 

DY4 

DY5 

OYg 

DY7 

Clear 

X 

X 

L 

t 

(Note 1 ) 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 



X 

X 

X 

X 

X 

X 

H 

L 

NC 

NC 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Output 

X 

X 

X 

X 

X 

X 

L 

H 

NC 

NC 

z 

Z 

Z 

Z 

Z 

z 

z 

Z 



X 

X 

X 

X 

X 

X 

H 

H 

NC 

NC 

z 

z 

z 

z 

z 

z 

z 

Z 


Hold 

X 

X 

H 

X 

L 

L 

L 

L 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

M 

Load (Note 2 ) 

X 

X 

H 

t 

H 

H 

L 

L 

A 

H 

A 

B 

C 

D 

E 

F 

G 

H 

0 

Shift Right 

L 

X 

H 

t 

H 

L 

L 

L 

L 

DYg 

L 

DYo 

DYi 

DY2 

DY3 

DY4 

DY5 

DYg 

D 

Shift Right 

H 

X 

H 

t 

H 

L 

L 

L 

H 

DYs 

H 

DYo 

DYi 

DY2 

DY3 

DY4 

DY5 

DYg 

E 

Shift Left 

X 

L 

H 

t 

L 

H 

L 

L 

DYi 

L 

DYi 

DY2 

DY3 

DY4 

DY5 

DYg 

DY7 

L 


Shift Left 

X 

H 

H 

t 

L 

H 

L 

L 

DYi 

H 

DYi 

DY2 

DY3 

DY4 

DY5 

DYg 

DY7 

H 


L = LOW Z - High Impedance t = Transition LOW-to-HIGH Notes: 1. Either LOW to observe outputs. 

H = HIGH X = Don't Care NC = No Change 2. In this mode DYj are inputs. 


9-67 
















Am25S557 • Am25S558 

Eight-Bit by Eight-Bit Combinatoriai Muitipiier 


DISTINCTIVE CHARACTERISTICS 

• Multiplies two 8-bit numbers - 16-bit output 

• Combinatorial - no clocks required 

• Full 8x8 multiply in 45ns typ. 

• Cascades to 16 x 16 in 110ns typ. 

• Expandab le to multiples of 8 bits 

• MSB and MSB outputs for easy expansion 

• Unsigned, two’s complement or mixed operands 

• Implements common rounding algorithms with additional 
logic 

• Three-state outputs 

• Transparent 16-bit latch in Am25S557 

• Industry standard pin-outs 


RELATED PRODUCTS 


Part No. 

Description 

Am29516/7 

16 by 16-Bit Multiplier 

Am25S05 

4 by 2-Bit Multiplier 

Am25LS14A 

8 -Bit Serial/Parallel Multiplier 

Am25LS2516 

8 by 8 -Bit Serial/Parallel Multiplier 


CONNECTION DIAGRAMS - Top Views 


Leadless Chip Carrier 
L-44-1 

S X ,f ^ JP 




Pin assignments shown are for Am25S558. G and R shown in paren¬ 
theses are pin assignments for Am25S557. 

BLI-036 


FUNCTIONAL DESCRIPTION 

The Am25S557 and Am25S558 are high-speed, combina¬ 
torial, 8 x 8 -bit multipliers. Both use an array of full adders to 
form and add partial products in a single undocked operation, 
resulting in a 16-bit parallel output product. 

Mode control inputs and allow the multiplier to accept 
either unsigned or two’s complement numbers from either re¬ 
spective input to provide an unsigned or signed output. The 
mode control lines are held LOW for unsigned input words 
and HIGH for two’s complement. 

The Am25S557 and Am25S558 aj;e easily expandable to 
longer work lengths. Both S 15 and Si 5 are available to allow 
expansion in either signed or unsigned modes without exter¬ 
nal inverters. In the 16-bit by 16-bit configuration (32-bit 
output) the typical multiply time is 110 ns. 

Both configurations offer three-state output flexibility and the 
Am25S557 adds a 16-bit transparent latch between the mul¬ 
tiplier array and the three-state output buffers (including Si 5 ). 
Rounding provisions for 8 -bit truncated output configurations 
are particularly optimized for maximum flexibility. The 
Am25S557 internally develops proper rounding for either 
signed or un^ned numbers by combining rounding input R 
with Xm, Ym, Xm and Y^ as follows; 

Ru = X|vi • Ym • R = Unsigned Rounding input to 2^ adder. 
Rs = (Xm + Ym) R = Signed Rounding input to 2 ® adder. 
Since the Am25S558 does not require the use of pin 9 for the 
latch enable input, (G), Rs and Ry are brought out separately. 


LOGIC DIAGRAM 


8-BIT X INPUT 





So —-S15 S15 


16-BIT PRODUCT 


•Pin 11 is G for Am25S557 and Ry for Am25S558. 

BLI-037 


9-69 









Am25S557 • Am25S558 
ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM’L Ja = 0°c to +70°C Vcc = 5.0V ±5% (MIN. = 4.75V MAX. = 5.25V) 

MIL Tc = ~55°Cto+125°C Vcc = 5.0V ±10% (MIN. = 4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 


Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


VOH 

Output HIGH Voltage 

Vcc = MIN. 

V|N = V|H or V|i_ 

V|L = 0.8V 
,V|H = 2.0V 

Iqh ~ —2.0mA 

2.4 

3.0 


Volts 

Vql 

Output LOW Voltage 

Vcc = min. 

V,N = V,HorV|L 

V,L = 0.8 V 

V,H = 2.0V 

Iql = 8.0mA 


0.3 

0.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

ViL 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.8 

Volts 

COM’L 



0.8 

Vi 

Input Clamp Voltage 

Vcc = min., I,N =-18mA 



-1.5 

Volts 

liL 

Input LOW Current 

Vcc = max., V,n = 0.5V 



-1.0 

1 

mA 

llH 

Input HIGH Current 

Vcc = max., V|n = 2.4V 



100 

juA 

i| 

Input .HIGH Current 

Vcc = max., V|n = 5.5V 

j 


1 

mA 

*0 

Off-State (High-Impedance) 
Output Current 

Vcc = max. 

Vq = 0.5V 



-100 

juA 

Vo = 2.4V 



+ 100 

*sc 

Output Short Circuit Current 
(Note 3) 

Vcc - max. 

-20 


-90 

mA 

•cc 

Power Supply Current (Note 4) 

Vcc = max. 



280 

mA 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Testwithpin21 at4.5V, allotherinputpinsatGND,alloutputsopenAm25S557conditionsthesameexceptinitializewithG(pin11)at4.5V, thenGND. 


MAXIMUM RATINGS (Above which the useful' life may be impaired) 


Storage Temperature 

-65°C to +150°C 

Temperature (Ambient) Under Bias 

~55°C to+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5V to +Vcc nrjax. 

DC Input Voltage 

-0.5V to +5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

-30mA to + 5.0mA 


Am25S557 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Am25S COM’L 

Am25S MIL 



Ta = 0 to 70X 

Vcc = 5V ±5% 

Ta = -55 to -l-125°C 
Vcc = 5V ±10% 



Parameters 

Description 

Min 

Typ 

Max 

Min 


Max 

Units 

Test Conditions 

tpD 

Xj, Yj to Sq to Sy 


45 

60 


55 

70 

ns 



Xj, Yj to Ss to Si 5 or Si 5 


50 

80 


60 

90 

ns 



Xj, Yj to G Set-up Time 

65 



75 



ns 



Xj, Yj to G Hold Time 

-5 



-5 



ns 



G to Sj 


30 

45 


30 

50 

ns 

Cl = 30pF 

Rl = 560il 

tpw 

Latch Enable Pulse Width 

25 

15 


30 

15 


ns 

^PHZ 

OE to Sq to Si 5 


15 

30 


15 

40 

ns 

(See test figures) 

¥hz 

OEtoS’is 


25 

40 


25 

50 I 

ns 


Vlz 

OE to Sj 


15 

30 


15 

40 ! 

ns 


VZH 

OE to Sj 


20 

35 i 


20 

40 

ns 


¥zl 

OE to Sj 


20 

35 


20 

40 

ns 



*AC performance over the operating temperature range is guaranteed by testing defined in Group A, subgroup 9. 
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Am25S557 • Am25S558 


Am25S557 • Am25S558 

SWITCHING CHARACTERISTICS OVER OPERATING RANGE* 


Am25S COM’L 

Am25S MIL 

Ta 

Vc( 

= 0 to TO^’C 
- = 5V ±5% 

Ta = 
Vc( 

-55 to +125"C 
= 5V ±10% 

Min 

Typ 

Max 

Min 

Typ 

Max 


35 

55 


35 

65 


55 

75 


55 

85 


15 

30 


15 

40 


25 

40 


25 

50 


15 

30 


15 

40 


20 

35 


20 

40 


20 

35 


20 

40 


Parameters Description 


Xj, Yj to Sq to Sy 
Xj, Yj to Se to Si 5 or Si 5 
OE to So to Si 5 
OE to S -|5 
OE toSi 


OEtoS 
OE toS 


AC performance over the operating temperature range is guaranteed by testing defined in Group A, subgroup 9. 



Test Conditions 


Cl = 30pF 
Rl = 560n 
(See test figures) 


SET-UP AND HOLD TIMES 


PULSE WIDTH 


Notes: 1. Diagram shown for HIGH data only. Output transition may 
be opposite sense. 

2. Cross hatched area is don’t care condition. 
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INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


LOAD TEST CIRCUIT 




IN916 OR IN3064 

56011 


FROM OUTPUT 
UNDER TEST 


Cl Includes probe and jig capacitance. 

_ TEST WAVEFORMS _ ■ 

Test Vx Output Waveform - Measurement Level 

-v“^- 

All tpDS 5.0V ^ 


tpLz 5.0V 


tpzL 5.0V 


BLI-038 
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PEFiNITION OF TERMS 

X 0 -X 7 Multipiicand 8 -bit data inputs 

Y 0 -Y 7 Multiplier 8 -bit data inputs 

Xm- Ym Mode control inputs for each data word; LOW for 
unsigned data and HIGH for two’s complement data 

Sq'Sis Product 16-bit output 

Si 5 Inverted MSB for expansion 

Rs, Ru Rounding inputs for signed and unsigned data, re¬ 
spectively (Am25S558 only) 

G Transparent Lateh Enable, (Am25S557 only) 

OE Three-state enable for Sq-S-is outputs 

R Rounding input for signed or unsigned data (com¬ 
bined internally with Xm, Ym in Am25S557 only) 


MODE CONTROL INPUTS 


Operating 

Mode 

Input Data 

Mode 

Control Inputs 

>< 

0 

X 

Y 0 -Y 7 

Xm 

Ym 

UNSIGNED 

UNSIGNED 

UNSIGNED 

L 

L 

MIXED 

UNSIGNED 

2’s COMP 

L 

H 

2’s COMP 

UNSIGNED 

H 

L 

SIGNED 

2’s COMP 

2’s COMP 

H 

H 


ROUNDING INPUTS 
Am25S557 


Inputs 

Adds 

Xm 

Ym 

R 

2 ^ 

26 

L 

L 

H 

YES 

NO 

L 

H 

H 

NO 

YES 

H 

L 

H 

NO 

YES 

H 

H 

H 

NO 

YES 

X 

X 

L 

NO 

NO 


Am25S558 


Inputs 

Adds 

Normally Used With 

Ru 

Rs 

2 " 

26 

2 

Xm 

Ym ^ 

L 

L 

NO 

NO 

X 

X 

L 

H 

NO 

YES 

Xm + Y 

m = H 

H 

L 

YES 

,NO 

L 

L 

H 

H 

YES 

YES 

* 

* 


* Most rounding applications require a HIGH level for Ry or Rs, but 
not both. 


Metallization and Pad Layouts 


Am25S557 



DIE SIZE 0.171” X 0.165" 


Am25S558 



DIE SIZE 0.171” X 0.165” 
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I/O MAPPED INTERFACE 
WITH MOS MICROPROCESSOR 



B Li-060 


ORDERING INFORMATION 


Package 

Type 

Temperature 

Range 

Am25S557 

Order 

Number 

Am25S558 

Order 

Number 

Hermetic DIP 

0to+70°C 

AM25S557DC 

AM25S558DC 

-55to+125°C 

AM25S557DM 

AM25S558DM 

Leadless 

0to+70°C 

AM25S557LC 

AM25S558LC 

-55to+125°C 

AM25S557LM 

AM25S5^8LM 




Am25S557 • Am25S558 
Multipliers in Expanded Arrays 

By Bernie New and David Anderson 


GENERAL DESCRIPTION 

The Am25S557 and Am25S558 are high-speed, combinatorial, 
8 X 8 -bit multipliers. Both use an array of gated full adders to form 
and add simultaneously the partial products necessary to gener¬ 
ate a parallel product. 

Both devices have two Mode Control inputs and Ym- These 
controls allow multiplying any of the four combinations of un¬ 
signed or two’s complement numbers. 

The availability of S 15 (inverted MSB) and the capability of 
operating with either signed or unsigned inputs means the 
Am25S557 and Am25S558 can be easily expanded to larger 
array sizes which can similarly multiply signed or unsigned 
numbers. 

In addition to the three-state output flexibility of both devices the 
Am25S557 adds a transparent latch between the multiplier array 
and the output buffers. 

Both multipliers incorporate rounding provisions; both use a 
standard 40-pin package; and both are available in commercial or 
military version. 

INTRODUCTION 

There are various methods of implementing large number multi¬ 
plication by using the Am25S557 and Am25S558 multipliers. In 
high-speed applications a parallel array of multipliers will gener¬ 
ate an output product in the shortest time. However, this 
approach also requires a large parts count. A partial parallel 
expansion sacrifices some speed for a reduced parts count, while 
a single multiplier performing repetitive multiplications requires 
the smaller number of parts but is slow when multiplying large 
numbers. 

The Am25S557 includes a transparent product output latch use¬ 
ful in pipelined applications (Figure 1). In such an application, the 
result of a current multiply may be held for use by other parts of 
the system while the next multiply is already in progress. 

This application note explains how to implement both parallel and 
partial parallel expansion to form large multiplier arrays using the 
Am25S557 or Am25S558 as the basic building block. A brief 
discussion on multiplier arithmetic is first presented to clarify 
operation of the part. For a complete functional description see 
the Am25S557/558 data sheet. 

ARITHMETIC 

Mode control inputs Xm and Ym (Figure 1) allow the multiplier to 
accept either unsigned or two’s complement numbers at either X 
or Y input. These controls are necessary to tell the part how to 
interpret the input data since the multiplier can’t tell from the 
number alone. If either input is in two’s complement form, the 
result will necessarily be two’s complement. Only if both 
operands are unsigned will the product be unsigned. 

For example, the binary number 11111111 may be interpreted as 
255 or -1 depending on the number convention used - unsigned 
or two’s complement. Similarly, 11111110 is 254 or -2. The mode 
controls tell the multiplier which one is appropriate. 


If these inputs are used, the following four interpretations are 
possible: 

255 X 254 = +64770, 1111110100000010 (unsigned) 

(-1) X 254 = -254, 1111111100000010 (2’s complement) 
255 X (-2) = -510, 1111111000000010 (2’s complement) 
(-1) X (-2) = +2, 0000000000000010 (2’s complement) 

All four of these different answers are correct. 

Two round controls (Rs and Ry) are provided on the Am25S558. 
Rg indicates signed number rounding and Ry indicates unsigned 
number rounding. In signed number rounding a bit is added with 
the same weight as Sq. This allows S 14.7 to be used as the 
rounded 8 -bit output (Figure 2). In unsigned multiplication, Ry 
adds a bit with the weight of S 7 . S 15.8 may then be used as the 
8 -bit unsigned output (Figure 3). The Am25S557 internally de¬ 
velops the appropriate rounding control Rg or Ry by combining 
rounding input R with Xm and Ym as follows: 

• Ym • R 

Rs = (Xm + Ym) • R 

This frees a pin for use as the latch enable (G). 



Figure 1. Logic Diagram 
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Rs ADDS 1 BIT 

SIGN LSB INTO THIS POSITION 



Note; In all cases except (-1) • (-1), bit 15 = 14. 

Therefore, bit 15 may be discarded. 

Figure 2. Rounding 16-Bit Signed Number 
for 8-Bit Signed Output Data 

PARALLEL EXPANSION 

The Am25S558 is specifically designed for ease of expansion. To 
multiply 8n bits by 8m bits requires n • m multiplications. These 
may either be performed successively in a single multiplier or 
n • m multipliers may be used in parallel. A combination of the two 
approaches, partial parallel expansion, is also possible. A 24 x 
24-bit unsigned product using parallel multipliers can be fabri¬ 
cated as follows; 

1. Split each of the 24-bit inputs into 8-bit groups. X would split 
into XA, XB, XC where 

XAo-7 = X16-23 
XBo.7 = X8-15 

XC 0.7 = X 0.7 

The relationship between X and the groups is 
X = 2^6 XA + 28 XB + XC 

2. Treating Y in the same way 

Y = 2 I 6 YA + 28 YB + YC 

3. The required multiplication is 

XY = (216 XA 4- 28 XB + XC) • (216 YA + 28 YB + YC) 

= 232XA • YA + 224XA . yB + 216XA • YC 

+ 224XB-YA + 216XB-YB + 28XB*YC 
+ 2 I 6 XC • YA + 28 XC • YB + XC • YC 

This requires nine multiplies. 

4. Shift the partial products to weight them with the appropriate 
power of 2 and sum them. 

Slower, low-cost systems can be implemented with a single mul¬ 
tiplier but the fastest approach uses nine multipliers in a parallel 
array (Figure 4). 

A signed 24 by 24-bit multiplier is configured basically the same 
way, but consideration must be given to which of the 8-bit groups 
are signed or unsigned. In the 24-bit word, the sign is weighted 
negatively and the other bits are weighted positively. In the 8-bit 
groups only XA and YA have negatively weighted most significant 
bits (MSBs); the other groups are all positive (unsigned). It 
follows, therefore, the XA and YA are signed two’s complement 
numbers and XB, XC, YB and YC are positive unsigned numbers. 

When generating the partial products, the mode controls must be 
connected appropriately. If either or both of the groups multiplied 
to form a partial product are a signed number, then the partial 
product is also a signed number and must be sign extended in any 
addition. 


Ru ADDS 1 BIT 

MSB LSB INTO THIS POSITION 



ROUNDED DISCARD 

8-BIT DATA 


Figure 3. Rounding 16-Bit Unsigned Number 
for 8-Bit Unsigned Output Data 

Partial Parallel Expansion 

Another way to perform multiplications of numbers with more than 
8 bits is to use partial parallel expansion. Here the multiplier array 
is expanded for only one operand. The following example con¬ 
structs a 32 X 32-bit multiplier using a four-step sequence of 8 x 32 
multiplies. An 8 by 32-bit multiply is performed using four 
Am25S558s (Figure 5). 

X is split into XA, XB, XC, XD where 

XA = X24.31 
XB = X 16.23 
XC = Xg-is 
XD = X 0.7 

The relationship between them is 
X = 224XA -f- 2 I 6 XB + 28 XC + XD 

Y is treated the same way 
Y = 224YA + 2 I 6 YB + 28 YC + YD 

In this example the multiplier array can only accept 8 bits on the Y 
inputs. Therefore, the partial Y operands are applied to the multi¬ 
plier array sequentially. The multiplication performed at each step 
is as follows: 

Sequence 

Sti YD • (224XA + 2 I 6 XB + 28 XC + XD) 

St2 28 YC • (224XA + 2 I 6 XB + 28 XC + XD) 

St3 216YB • (224XA + 216XB + 28XC + XD) 

St4 224YA . (224XA + 2l6XB -H 28XC + XD) 


The partial products from each step are next shifted to weight 
them with the appropriate power of 2. They are then summed to 
form the final 64-blt product (Figure 6). 

Multiplexing 

For extremely fast 8x8 multiplication, two or more Am25S558s 
may be multiplexed as shown in Figure 7. Input latches hold both 
the X and Y Input data for each multiplier until a combinatorial 
product output is generated. The product from each multiplier is 
multiplexed onto the output bus, using the three-state enable 
control, OE, on the multiplier. 
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Figure 4. Two’s Complement 24-Bit by 24-Bit Multiplier Array 



Figure 5. 32 x 32-Bit Multiplier Array Partial Parallel Expansion 
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Figure 6. 32 x 32-Bit Serial/Parailel Expansion 
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Figure 8. Block Diagram of a High-Performance Signal Processing System 


Application 

In many signal processing algorithms such as fast Fourier trans¬ 
forms (FFTs), finite impulse response (FIR) and infinite impulse 
response (HR) digital filters, there is a need to perform fast repeti¬ 
tive multiplication. For off-line or low bandwidth applications, 
these computations could be performed in a general-purpose 
computer or even microcomputer. However, in any high- 
performance system, a dedicated, or at least an optimized pro¬ 
cessor must be constructed. Only microprogrammed, bipolar 
bit-slice devices provide the speed and flexibility necessary for 
such a processor. 


Figure 8 is a block diagram of a typical high-performance system. 
The diagram shows how two pairs of Am2903s can be used in 
conjunction with a single Am25S558 Multiplier. The real or Imagi¬ 
nary data may be entered into the multiplier, multiplied by a real or 
imaginary constant from the PROM and returned to the real or 
imaginary ALU as appropriate. The link between the DB ports 
also allows for a simple transfer of data which represents a 
multiplication by 


9 
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Am25LS2513 

Three-State Priority Encoder 


FUNCTIONAL DESCRIPTION 


DISTINCTIVE CHARACTERISTICS 

• Encodes eight lines to three-line binary 

• Expandable 

• Cascadable 

• Three State inverted output version of Am54LS/74LS/ 
25LS14g 

• Gated three-state output 

• Advanced Low-Power Schottky processing 


RELATED PRODUCTS 
Part No. Description 

Am2913 Priority Interrupt Expander 

Am2914 Vectored Priority Interrupt Controller 


The Am25LS2513 Low-Power Schottky Priority Encoder 
performs priority encoding of 8 inputs to provide a binary- 
weighted code of the priority order of the 3 tri-state active 
HIGH outputs Ao, A-], A 2 . Three active LOW and two active 
HIGH inputs in AND-OR configuration allow control of the 
tri-state outputs. The use of the input enable (El) combined 
with the enable output (EO) permits cascading without addi¬ 
tional circuitry. Enable input (El) HIGH will force all outputs 
LOW subject to the _tri-state control. The enable output is 
LOW when all inputs Iq through I 7 are HIGH and the enable 
input is LOW. 


LOGIC DIAGRAM 

Iq I2 I3 I4 I5 >6 *7 



CONNECTION DIAGRAMS - Top Views 


LOGIC SYMBOL 



18 15 16 17 1 2 3 4 5 



Note: Pin 1 is marked for orientation. 
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Am25LS2513 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified; 

COM'L = 0°c to+70°C Vcc = 5.0V±5% MIN. =4.75V MAX. = 5.25V 

MIL Ta = -55°C to +125°C Vqc = 5.0V ±10% MIN. = 4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

Typ. 

Parameters Description Test Conditions (Note i) Min. (Note 2 ) Max. Units 


Vqh 

Output HIGH Voltage 

vcc = min. 

M|N = V|h or V|L 

Ai 

MIL, loH =-1.0mA 

2.4 

3.4 


Volts 

COM'L, Iqh = —2.6mA 

2.4 

3.2 


EO. Iqh = "440juA 

MIL 

2.5 

3.4 


COM'L 

2.7 

3.4 


VOL 

Output LOW Voltage 

Vcc “ min. 

V|N “ V|H or V|L 

•0L“ 4.0mA 



0.4 

Volts 

Iql" 8.0mA 



0.45 

IqL = 12mA(An Outputs) 



0.5 

VlH 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

_ _ 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc = min., I|n = -18mA 



-1.5 

Volts 

'•L 

Input LOW Current 

Vcc = max. 

V|M =0.4V 

EI.Gi,G2.G3,G4,G5,Io 



-0.4 

mA 

All others 



-0.8 

Mh 

Input HIGH Current 

Vcc = max. 

V|N =2.7V 

EI.G-i ,G2,G3,G4,G5 Jo 



20 

mA 

All others 



40 

•l 

Input HIGH Current 

Vcc = max. 

V|N = 7.0V 

EI,Gi,G2,G3,G4,G5,Io 



0.1 

mA 

All others 



0.2 

*0 

Off-State (High-Impedance) 
Output Current 

Vcc = max. 

Vo = 0.4V 



-20 

mA 

Vo = 2.4 V 



20 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-85 

mA 

•cc 

Power Supply Current 
(Note 4) 

Vcc = max. 


15 

24 

mA 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0 V, 25 C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. All inputs and outputs open. 


Am25LS 

MAXIIVIUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto +125°C 

Supply Voltage to Ground Potential Continuous 

-0.5 V to+7.0 V 

DC Voltage Applied to Outputs for High Output State 

-0.5 V to +Vcc ftiax- 

DC Input Voltage 

-0.5 V to +7.0V 

DC Output Current, Into Outputs 

30 mA 

DC Input Current 

—30 mA to +5.0 mA 





Am2SLS13 

SWITCHING CHARACTERISTICS 

(Ta = +25°C, Vcc = 5.0V) 


Parameters 

Description 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

tPLH 

ij to An (In-phase) 


17 

25 

ns 


tPHL 


17 

25 


<PLH 

Ij to An (Out-phase) 


11 

17 



tpHL 


12 

18 

ns 


tPLH 

TjtoEO 


7.0 

11 

ns 


'PHL 


24 

36 


tPLH 

El to EO 


11 

17 

ns 

Cl= 15pF 

tPHL 


23 

34 

Rl = Z.Okn 

<PLH 

El to An 


12 

18 

ns 


tPHL 


14 

21 


tZH 

G-} or G2 to An 


23 

40 



tZL 


20 

37 



tZH 

G3, G4, G5 to An 


20 

30 

ns 


tZL 


18 

i 


tHZ 

G-j or G2 to An 


17 

27 

ns 


tLZ 


19 

28 

Cl = 5.0pF 

^HZ 

G3, G4, G5 to An 


16 

24 

ns 

RL = 2.0kn 

tLZ 


18 

27 



SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Am25LS COM'L 

Am25LSMIL 





Ta = 0°C to +70°C 
Vcc = 5.0V±5% 

TA = -55°Cto+125°C 
Vcc = 50V±10% 



Parameters 

Description 

Min. 

Max. 

Min. 

Max. 

Units 

Test Conditions 

tPLH 

Ij to An (In-phase) 


31 


37 

ns 


tpHL 


30 


34 


tpLH 

Ij to An (Out-phase) 


22 


27 

ns 


tPHL 


22 


25 


tpLH 

to EO 

■ 


15 


18 



tpHL 


48 


60 



tpLH 

^ to^ 


19 


21 

ns 

Cl = 50pF 

tPHL 


•46 


57 

Rl = 2.0kS7 

tPLH 

El to An 


22 


25 

ns 


tPHL 


27 


32 


tZH 

1 

Gi or G2 to An 


42 


49 

ns 


tZL 


43 


49 


tZH 

G3' G 5 to An 


36 


43 



tZL 


35 


43 



tHZ 

G-| or G2 to An 


34 


40 

ns 


tLZ 


34 

■ 

40 

Cl = 5.0pF 

tHZ 

G3, G4, G5 to An 


30 


' 35 • ; 

ns 

RL = 2 .0kr2 

tLZ 


^1 


35 1 



*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Note: i = 0 to 7 
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DEFINITIONS OF FUNCTIONAL TERMS 


Metallization and Pad Layout 


A1, A2 
El 

EO 

G3, G 4 » G5 
To-7 


Three-state, active high encoder outputs 
Enable input provided to allow cascaded oper¬ 
ation 

Enable output provided to enable the next lower 
order priority chip 

Active high three-state output controls 
Active low three-state output controls 
Active low encoder inputs 


TRUTH TABLE 


Inputs 1 

Outputs 

IT 

•0 

h 

•2 

I3 

I4 

I5 

>6 

I7 

Aq 

At 

A2 

EO 

H 

X 

X 

X 

X 

X 

X 

X 

X 

L 

L 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

X 

X 

X 

X 

X 

X 

X 

L 

H 

H 

H 

H 

L 

X 

X 

X 

X 

X 

X 

L 

H 

L 

H 

H 

H 

L 

X 

X 

X 

X 

X 

L 

H 

H 

H 

L 

H 

H 

L 

X 

X 

X 

X 

L 

H 

H 

H 

L . 

L 

H 

H 

L 

X 

X 

X 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

X 

X 

L 

H 

H 

H 

H 

H 

L 

H 

L 

H 

L 

X 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H ' 


H = HIGH Voltage Level 
L = LOW Voltage’ Level 
X = Don't Care 

For Gi = H, G 2 = H, G 3 = L, G 4 = L, G 5 = L 


GI G2 G3 G4 G5 

Aq Ai A2 

H H L L L 

L X X X X 

X L X X X 

X X H X X 

X X X H X • 

X X X X H 

Enabled 

z z z 

z z z 

z z z 

z z z 

z z z 



Z = HIGH Impedance 


DIE SIZE 0.082X0.085 
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LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 
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ORDERING INFORMATION 


Package 

Type 

Temperature 

Range 

Am25LS2513 

Order 

Number 

Molded DIP 

0to+70°C 

AM25LS2513PC 

Hermetic DIP 

oto+yox 

AM25LS2513DC 

Chip-Pak 

0to+70°C 

AM25LS2513LC 

Dice 

oto+7(y>c 

AM25LS2513XC 

Hermetic DIP 

-55to+125“C 

AM25LS2513DM 

Hermetic Flat-Pak 

-55to-M25°C 

AM25LS2513FM 

Chip-Pak 

-55to-Hl25°C 

AM25LS2513LM 

Dice 

-55to-Hl25°C 

AM25LS2513XM 


PRIORITY ENCODED RST INTERRUPT 
INSTRUCTION FOR THE AmSOSOA 








Ann25LS2516 

Eight-Bit by Eight-Bit Seriai/Paraiiei Multipiier with Accumulator 


DISTINCTIVE CHARACTERISTICS 

• Two's complement, two-bit lookahead carry-save arithmetic 

• Microprogrammable — four-bit instruction code for load, 
multiply, and read operations 

• Cascadable, two devices perform full 16-bit multiplication 
without additional hardware 

• Eight-bit byte parallel, bidirectional, bussed I/O 

• On-chip registers and double length accumulator 

• Overflow indicator 

• Three-state shared bus input/output lines 

• High-speed architecture provides clock rates of 20l\/IHz(Typ) 


RELATED PRODUCTS 




Part No. 


Description 



Page 

Am25S05 






Am25LS14A 






Am25S557/8 






Am29516/7 
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LOGIC SYMBOL 




36 — 

BUSO 

'o 

— 33 



3 — 

BUS 1 

'l 

-32 



37 — 

BUS 2 

*2 

— 31 



2 — 

BUSS 

'3 

-27 



38 — 

BUS 4 

OE 

— 28 



1 — 

BUSS 

• MSB 

—15 



39 — 

BUS 6 

LSB 

— 23 



40 — 

BUS 7 

v. 

— 17 



11 — 

x? 

Vq 

—16 



10 — 

'^CC 

X_1 

— 22 



12 — 

GND GND 

— 30 



26 — 

CLK 

OVFL 

— 34 



19- 

SUM IN ODD 

SUM OUT ODD 

— 21 



18 — 

SUM IN EVEN 

SUM OUT EVEN 

— 20 



5 — 

ACC UH IN ODD 

ACCUH OUT ODD 

— 4 



6 — 

ACCUH IN EVEN 

ACC UH OUT EVEN 

— 35 



7 — 

ACC LH IN ODD 

ACC ADD OUT ODD 

— 25 



8 — 

ACC LH IN EVEN ACC ADD OUT EVEN 

— 24 



13 — 

Yr in even 

YrOut odd 

— 9 



14 — 

Yr in ODD 

YrOUT EVEN 

— 29 







MPR-336 


BUSS 
BUSS 
,BUS1 d 
ACC UH OUT ODD d 
ACC UH IN ODD d 
ACC UH IN EVEN d 
ACC LH IN ODD d 
ACC LH IN EVEN d 
Yr OUT ODD d 
'^CC d 
X7 d 

GND d 

Vrin even 

YrINODD d 
MSB d 

Vo d 

Yl 

SUM IN EVEN d| 
SUM IN ODD dj 
SUM OUT EVEN 


CONNECTION DIAGRAM 



I BUS 7 
I BUSS 
I BUS 4 
I BUS 2 
d BUSO 

ACC UH OUT EVEN 
ZH OVFL 

d '0 
Z] '1 
d '2 
d GND 

d Yr OUT EVEN 
28 I OE 
'3 

[~1 CLK 

ACC ADD OUT ODD 
I 1 ACC ADD OUT EVEN 
□ LSB 

SUM OUT ODD 


FUNCTIONAL DESCRIPTION 

The Am25LS2516 Is an eight-bit by eight-bit multiplier and 
accumulator employing serial/parallel, two's complement, 
carry-save arithmetic to deliver a 16-bit product in eight clock 
cycles. The device is fully cascadable for use in high-speed, 
real-time, digital signal processing applications. 

The device Includes an eight-bit X Register prior to the X latch 
providing X hold for chain or overlapping calculations. The X 
and Y registers are loaded by clocking prior to the beginning 
of a multiply cycle, the data supplied by the bidirectional bus 
or the accumulator register. The double length, 16-bit output 
is multiplexed onto the eight-bit bus; either the upper or lower 
halves of the result can be read at any one time. 

The accumulator and the Y register are both organized as dual¬ 
rank shift registers, allowing them to shift two bits at a time. 
The serial inputs and outputs of the Y register, the low and 
high order halves of the accumulator and the two-bit serial 
accumulator adder output, both serially and in parallel, are all 
available at external pins to provide cascadability. 


LOGIC DIAGRAM 
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ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM’L Ta = 0°C to +70°C Vcc = 5.0V ±5% MIN. = 4.75V MAX. = 5.25V 

MIL Ta = -55°Cto+125°C Vcc = 5.0V ±10% MIN. = 4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

(Bus Inputs/Outputs) 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


VOH 

Output HIGH Voltage 

Vcc = min. 

V|N = V,HOr V,L 

•oh = -1.0mA 

— 

2.4 


— 

Volts 

VoL 

Output LOW Voltage 

Vcc = min. 

V|N = V|H or ViL 

loL = 4.0mA 



0.4 

Volts 

VlH 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

VlL 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM’L 



0.8 

Vi 

Input Clamp Voltage 

Vcc = min., I,m = -18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max., V,n = 0.4V 



-0.8 

mA 

l|H 

Input HIGH Current 

Vcc = max., V,n = 2.7V 



60 


ll 

Input HIGH Current 

Vcc = max.. V,n - 5.5V 



0.2 

mA 

•sc 

Output Short Circuit Current ? 
(Note 3) 

Vcc = max. 

-30 


-100 

mA 

•oz 

- 1 

Off-State (HIGH Impedance) 
Output Current 

Vcc = max. 

Vq - 2.4V 



60 

fxA 

Vo = 0,4V 



-800 


Non-Bus Inputs/Outputs 


Vqh 

Output HIGH Voltage 

Vcc = min. 

V|N = V,Hor V,L 

•oh = -440/xA 

. 

MIL 

2.5 



Volts 

COM’L 

2.7 



VoL 

Output LOW Voltage 

Vcc = min. 

V|N = V|H or V,L 

Yr out, Iql = 15mA 



0.5 

Volts 

Others Iql = 4.0mA 



0.4 

ViH 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical 
LOW voltage for all inputs 

Yo. Yi 



0.8 

Volts 

Others, MIL 



0.7 

Others, COM’L 



0.8 

V| 

Input Clamp Voltage 

Vcc = min., !|n = -18mA 



-1.5 i 

Volts 

•iL 

Input LOW Current 

Vcc = max., V,n = 0.4V 

See Table 1 

. 

mA 

•iH 

Input HIGH Current 

Vcc = max., V|n - 2.7V 

See Table 1 

ixA 

•l 

Input HIGH Current 

Vcc = max., V,n = 5.5V 

See Table 1 

mA 

•sc 

Output Short Circuit Current 
(Note 3) 

-- 

Vcc = max. 

-15 


-85 

mA 

•cc 

Power Supply Current 
(Note 4) 

Vcc = max. 


285 

390 

mA 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Pins 28 and 31 HIGH, all other inputs at GND. Test after one full clock cycle of LOW-HIGH-LOW. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°C to +150°C 

Temperature (Case) Under Bias 

-55°C to +125°C 

Supply Voltage to Ground Potential Continuous 

-0.5V to +6.3V 

DC Voltage Applied to Outputs for High Output State 

-0.5V to + Vcc lYiax. 

DC Input Voltage (Pins 5, 6, 7, 8, 18, 19, 26) 

-0.5V to +5.5V 

DC Input Voltage (Other pins) 

-0.5V to +7.0V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

-30mA to -♦-5.0mA 
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TABLE I. 


Terminals 

l|L 

‘IH 

‘I 

Y IN 

-.3mA 

20/xA 

.1mA 

lo. h.is.OE 

-.45mA 

20/xA 

.1mA 

Bus 0-7 

“ .6mA 

90/iA 

.3mA 

CP 

-.8mA 

80/aA 

.4mA 

l2. X_i 

-.9mA 

40/xA 

.1mA 

SUM IN 

-1.4mA 

80/uA 

.5mA 

LSB 

-1.6mA • 

80^tA j 

.4mA 

ACC IN all 

-2mA 

50/xA 

1mA 

MSB 

-3mA 

150mA 

1.5mA 

Yo, Yi 

-7.5mA 

200mA i 

2mA 


ORDERING INFORMATION 


Package 

Type 

Temperature 

Range 

Order 

Number 

Hermetic DIP 

0°Cto+70“C 

AM25LS2516DC 

-55“Cto+125°C 

AM25LS2516DM (Note 1) 


Note 1. Military temperature range product in development. 


SWITCHING CHARACTERISTICS 

(Ta = +25°C, Vcc = 5.0V) 


Parameters 

Description 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

tpLH 

Yr Register OUT 


12 

18 

ns 


tpHL 


15 

23 


tpLH 

SUM OUT 


13 

20 

ns 


tpHL 


15 

23 


tpLH 

ACC ADDER OUT 


27 

41 

ns 


tpHL 


27 

41 


tpLH 

ACC UH OUT 


11 

17 

ns 


^PHL 


13 

20 

Cl - l5pF 

tpLH 

ACC Bus 


23 

34 

ns 

Rl = 2.0kO 

tpHL 


17 

26 


tpLH 

0 ^ 


12 

18 

ns 


^PHL 


15 

23 


tpLH 



13 

20 

ns 


•tpHL 



17 

26 


tzH 



12 

18 

ns 


tZL 

OE to Bus 


9 

14 


tHZ 


24 I 

36 

ns 

Cl = 5.0pF 

tLZ 



12 

18 

Rl = 2.0kli 

ts 

X Register (Bus) 

20 



ns 


ts 

Y Register (Bus) 

15 



ns 


ts 

X._i 

35 



ns 


ts 

SUM IN 

37 



ns 


ts 

Y Register (Serial) 

20 



ns 

Cl = 15pF 

Rl - 2.0ka 

ts 

ACC LH or UH IN 

8 



ns 

ts 

Multiplier Yq and Y^ 

33 



ns 


ts 

Instruction 

25 



ns 


th 

SUM IN, X_i, Multiplier Yq and Y-, 

0 



ns 


th 

lo -3 Hold Time 

10 



ns 


th 

Hold Time on All Other Inputs 

5 



ns 


tmax (Note 1) 

Maximum Clock Frequency 

17 



MHz 



Note 1. Per industry convention, fmax's the worst case value of the maximum device operating frequency with no constraints on tp tf, pulse width or 
duty cycle. 
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TIMING DIAGRAMS 


MPy MPY I MPY i LDX MPY \ LDY ! MPY MPY j MPY I MPY 


MPY MPY MPY MPY 


AL I Z I 


Y OUT EVEN 
YOUT ODD 
SUM O.UT EVEN 
SUM OUT ODD 
ACC ADD OUT EVEN 
ACC ADD OUT ODD 
ACC UH OUT EVEN 
ACC UH OUT ODD 
OVFL 


1 X07 

i Xo7 1 Xo7 

Xi7 1 

Xl7 

Xl7 

Xl7 

Xi7 

X17 

Xi7 

Xl7 

X27 

X27 

X27 

X27 

X27 

X27 

1 X27 

X27 

1 X27 

1 X27 

X27 1 X27 1 

i Y07 

1 Y07 1 Yo7 

YlO 1 

Y12 

Yi4 

Yi6 

Yi7 

xiy 

Yi7 

Yi7 

Y20 

Y22 

Y24 

Y26 

Y27 

Y27 

i Y27 

Y27 

i Y27 

I Y27 

Y27 1 Y27 1 

j Yo7 

i Yo7 1 Yo7 

Yl1 I 

Y13 

Yi5 

Yi7 

Yi7 

V,7 

Yi7 

Yi7 

Y21 

Y23 

Y25 

Y27 

Y27 

Y27 

! Y27 

Y27 

1 Y27 

[ Y27 

Y27 1 Y27 1 


mw/MMm 

PlO 

F12 

Pi 4 

Pl6 

P18 

Pi'lO 

Pl12 

Pl14 

P20 

P22 

P24 

P26 

P28 

P210 

P212 

P214 




Pl1 

Pl3 

Pl5 

Pi 7 

Pl9 

Pill 

Pi 13 

Pl15 

P21 

P23 

P25 

P27 

P29 

I P211 

P213 

i P215 


mmmmmm 

AlO 

i Ai2 

! ^^14 i 

Ai6 

1 ^18 j 

Ano 

1 Aii2 1 

Ai14 

A20 

1 A22 

I A24 

1 A26 . 

i A28 

{ A210 

I A212 

j A214 



All 

1 Ai3 

i ^^15 ! 

Ai7 

I ^19 I 

Am 

1 Aii3 1 

Ai15 1 

A21 

1 A23 

A25 

! A27 

A29 

1 A211 

A213 

1 A215 


\ Ao8 

1 Ao8 1 Ao8 

A08 i 

0 

1 0 

1 0 i 

0 

i Aio i 

Ai2 

1 Ai4 1 

Ai6 

Ai8 

1 Alio 

A112 

1 Aii4 

A20 

I A22 

A24 

! A26 

i A28 

A28 1 A28 1 

i Ao9 

I Ao9 j Ao9 

Ao9 I 

0 

1 0 

i 0 1 

0 

i All i 

Ai3 

1 Ai 5 j 

A17 

Ai9 

1 Am 1 

Aii3 

i Aii5 1 

A21 

i A23 

A25 

i A27 

1 A29 

A29 1 A29 j 

1 ''0 

! FO 1 FO 

Fo I 

0 

I ° 

i i 

0 

1 ° i 

0 

1 0 i 

0 1 

Fl 

1 Pi I 

•"I 

1 *=1 1 

Fi 

I i 

Fl 


1 

F2 i F2 1 


LOAD X 
LOAD Y 
STROBE X 
TCT 

SHIFT ACC 
CLEAR ACC 
MUX 
OEN 
OVFLEN 


CSAV ACC 

YrnW/Z/yW/M/m 

1 

1 C 12 

Ci 4 

Cl 6 

i C 18 

Clio 

C 112 

Cn 4 

1 

C 22 

C 24 

C 26 

C 28 

C 2 IO 

C 212 

C 214 

i 

1 

1 

Ai 4 

1 Ao 14 

Ao 14 

Ao 14 

Ao 14 1 

0 

1 Aio 

A 12 

Ai 4 

Ai 6 

Ai 8 

Alio 

A 112 

Ai 14 

A 20 

A 22 

A 24 

A 26 

A 28 

A 2 IO 

A 212 

1 A 214 

A 214 

A 214 

Ai 5 

1 Ao 15 

Ao 15 

Ao 15 

Aoi 5 1 

0 

1 All 

1 Ai 3 

A 15 

^ Ai 7 

Ai 9 

Am 

Aii 3 

Ai 15 

A 21 

A 23 

A 25 

A 27 

A 29 

A 2 II 

A 213 

1 A 215 

A 215 

A 215 

Ae 

1 Ao 6 

Ao 6 

A 06 

A 06 j 

0 

1 0 

0 

0 

9 

1 Aio i 

A 12 I 

Ai 4 1 

Ai 6 

Ai 8 

1 Alio 1 

A 112 

Aii 4 1 

A 20 

i A 22 : 

1 A 24 

1 A 26 

A 26 

A 26 

A 5 

1 Ao 7 

Ao 7 

Ao 7 

A 07 ! 

0 

1 9 

! 9 

1 9 

i 9 

1 All 1 

Ai 3 1 

Ai 5 1 

Al? 

Ai 9 

1 Am j 

Aii 3 

Ai 15 1 

A 21 

1 A 23 

1 A 25 

1 Ai 7 

A 27 

A 27 

Ao 

1 Aoo 

i Aoo 

I Aoo 

1 Aoo 1 

0 

io 

! 0 

1 9 

|o 

! 9 1 

9 1 

9 ! 

A 10 1 

i Ai 2 

1 A 14 j 

Ai 6 i 

A 18 i 

Alio 

1 A 112 1 

i Aii 4 

i A 20 

1 A 20 

j A 20 

Al 

i A 01 

1 A 01 

I A 01 

|Aoi j 

0 

1 0 

! 0 

! 9 

i 9 

1 9 1 

9 ! 

9 i 

All 1 

Ai 3 

! A 15 1 

Ai 7 1 

Ai 9 j 

Am 

i Aii 3 1 

1 An 5 

j A 21 

1 A 21 

1 A 2 I 


Note: Variables shown are general. 
For this example: 

Pl^XiYi A-,=Pi Fi=0 

P2 = X2Y2 A2 = Pi+P2 
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SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 




Am25LS COM’L 

Am25LS MIL 





TA = (rCto+70‘‘C 

Ta= -55®Cto-l-125X 





Vcc = 5.0V ±5% 

Vcc = 5.0V ±10% 



Parameters 

Description 

Min. 

Max. 

Min. 

Max. 

Units 

Test Conditions 

tpLH 

YR Register OUT 


24 


26 

ns 


tpHL 


33 


37 


tpLH 

SUM OUT 


27 


27 

ns 


tpHL 


34 


34 


tPLH 

ACC ADDER OUT 


50 


52 

ns 


tpHL 


57 


60 


tpLH 

ACC UH OUT 


23 


23 

ns 

Cl - 50pF 

tpHL 


30 


30 

Rl = 2.0kft 

tPLH 

ACC Bus 


42 


45 

ns 


tpHL 


38 


39 


tpLH 

OVFL 


26 


26 

ns 


tpHL 


33 


33 


tpLH 



30 


33 

ns 


tpHL 



39 


42 


tZH 

r 


30 


33 

ns 

Cl = 50pF 

tZL 

OEto Bus 


21 


23 

ns 

Rl = 2.0ka 

tHZ 


45 


55 

ns 

Cl = S.OpF 

tiz 



21 


30 

ns 

Rl = 2.0kn 

ts 

X Register (Bus) 

20 


22 


ns 


ts 

Y Register (Bus) 

16 


17 


ns 


ts 

X_i 

45 


51 


ns 


ts 

SUM IN 

52 


62 


ns 


ts 

Y Register (Serial) 

20 


20 


ns 

Cl = 50pF 

Rl = 2.0ka 

ts 

ACC LH or UH IN 

10 


14 


ns 

ts 

Multiplier Yq and Y^ 

44 


51 


ns 

ts 

Instruction 

27 


30 


ns 


tH 

SUM IN, X_-,, Multiplier and Yi 

0 


0 


ns 


tH 

lo-a Hold Time 

10 


10 


ns 


tH 

All Other Inputs 

5 


5 


ns 


tmax(Notel) 

Maximum Clock Frequency 

15.5 


10 


MHz 



*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


The following table provides a guide to the Improvement in performance which may be 
obtained by control of the Vcc power supply. 



Vcc = 5.0V 

Vcc = 5.0V ±5% 

Vcc = 5.0V ±10% 

Ta = 25°C 

17MHz 

16MHz 

15MHz 

Ta = 0°C to +70°C 

16MHz 

15.5MHz 

- 

Tc = -55°C to +125°C 

12MHz 

- 

10MHz 
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BUSO 

*0 

BUS 1 

•l 

BUS 2 

'2 

BUSS 

'3 

BUS 4 

OE 

BUS 5 

MSB 

BUS 6 

LSB 

BUS? 

Yi 

x? 

X..1 

^CC 

MSP 

GNO 

GND 

CLK 

OVFL 

SUM IN ODD 

SUM OUT ODD 

SUM IN EVEN 

SUM OUT EVEN 

ACC UH IN ODD 

ACC UH OUT ODD 

ACC UH IN EVEN 

ACC UH OUT EVEN 

ACC LH IN ODD 

ACC ADD OUT ODD 

ACC UH IN EVEN 

ACC ADD OUT EVEN 

Y OUT ODD 

Y OUT EVEN 


BUSO 

'o 

BUS 1 

h 

BUS 2 

'2 

BUSS 

'3 

BUS 4 

OE 

BUS 5 

MSB 

BUS 6 

LSB 

BUS? 

Yi 


Y 



GND 

LSP 

GND 

SUM IN ODD 

SUM OUT ODD 

SUM IN EVEN 

SUM OUT EVEN 

ACC UH IN ODD 

ACC UH OUT ODD 

ACC UH IN EVEN 

ACC UH OUT EVEN 



ACC LH IN ODD 

ACC UH IN EVEN 

ACC ADD OUT ODD 

ACC ADD OUT EVEN 

Y IN ODD 

Y IN EVEN 

Y OUT ODD 




Figure 5b. Two Devices Cascaded in 16-Bit by 16-Bit Multiplier Application with 32-Bit Accumulated Product. 



PROGRAM MICRO STEPS AS IN FIGURE 3 
ALLOWING 12 "D" CODES AND 1 "C” CODE. 


Figure 6. 16 Bit Two's Complement Multiply without Accumulate Modified 
to 12 X 12 (Using Two Am25LS2516 Devices Interconnected). 
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PROGRAM MICRO STEPS 


# 

INST IN HEX 

1 

E 

2 

4 

3 

D 

4 

D 

5 

D 

6 

F 

7 

D 

8 

D 

9 

D 

10 

7 

11 

D 

12 

D 

13 

D 

14 

D 

15 

D 

16 

D 

17 

D 

18 

D 

19 

c 

20 

C IDLE 

21 

IDLE 

C 



Figure 4. 8-Bit Two's Complement Multiply with Accumulate, Intermediate Load and Chain Calculations. 



Figure 5a. Interconnection of Two Am25LS2516 (8x8 Multiplier) Devices to Execute a 16 x 16 Multiply. 
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FUNCTION TABLE 


Mnemonic 

•3 >2 h 'O 

— 

Function 

CLR 

M 

LOAD 

X 

LOAD 

Y 

XFER 

X 

CLR 

A* 

SHFT 

A 

MUX 

OE 

Remarks 

YLHC 

0 0 0 0 

LHA->Y, XFERX, CLR A 
CLR M, READ OVFL 

1 

0 

1 

1 

0 

0 

0 

1 


YUHC 

0 0 0 1 

UHA-^ Y, XFER X, CLR A 
CLR M, READ OVFL 

1 

0 

1 

1 

0 

0 

1 

1 

u__ 


YLHA 

0 0 10 

LHA-» Y, XFER X 

CLR M, READ OVFL 

1 

0 


1 

1 

0 

0 

- 


YUHA 

0 0 11 

UHA^ Y, XFER X 

CLR M, READ OVFL 

1 

0 

1 

1 

1 

0 

1 

1 


LYCA 

0 10 0 

LOAD Y, XFER X, 

CLR A, CLR M 

1 

0 

1 

1 

0 

0 

0 

0 

Same Func. 
as 0101 

LYCA 

0 10 1 

CLR A 

LOAD Y, XFER X, CLR M 

1 

0 

1 

1 

0 

1 

1 

0 

Same Func. 
as 0100 

LYHA 

0 110 

LOAD Y, XFER X, 

HOLD A, CLR M 

1 

0 

1 

1 

1 

0 

0 

0 


LYSA 

0 111 

LOADY,XFERX,SHIFTA 
CLR M, MULTIPLY 

1 

0 

1 

1 

1 

1 

1 

0 

OVFLEN in 
Next State 

RLHA 

10 0 0 

READ LHA 

READ OVFL 

0 

0 

0 

0 

1 

0 

0 

1 


RUHA 

10 0 1 

READ UHA 

READ OVFL 

0 

0 

0 

0 

1 

0 

1 

1 


XLHA 

10 10 

LHA ^ X 

READ OVFL 

0 

1 

. 

0 

0 

1 

0 

0 

1 


XUHA 

10 11 

UHA->X 

READ OVFL 

0 

1 

t 

0 

0 

1 

0 

1 

1 


HLDA 

110 0 

HOLD A 

OVFLEN AFTER MULT 

0 

0 

0 

0 

1 

0 

0 

0 

Must Prc'd 
Any Output 

MULT 

110 1 

MULTIPLY 

SHIFT A 

0 

0 

0 

0 

1 

1 

1 

0 


LXHA 

1110 

LOAD X, 

HOLD A 

0 

1 

0 

0 

1 

0 

0 

0 


LXSA 

i 

1111 

LOAD X, SHIFT A 
MULTIPLY 

0 

■ 1 

0 

0 

1 

1 

1 

0 



* Active LOW 


Am25LS 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


Other Outputs Bus Outputs 




Note: Actual current flow direction shown 
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DEFINITION OF FUNCTIONAL TERMS 

Sum in even 

Bus 0-Bus 7 - 

Bi-directional 8-bit data bus. 


Xy 

Interconnection link to more significant 

Sum in odd 


byte if cascading (output). 


X_i 

Interconnecting link between devices to 
least significant byte If cascading (input) 

Sum out even 


link X7 to X1 to cascade - must be ground 
if not used. 

Sum out odd 

Accum Upper - 
Half out, even 

Accumulator output upper byte, even bit. 

Acc Add out. 

Accum Upper - 
Half out, odd 

Accumulator output upper byte, odd bit. 

even 

Accum Upper - 

Accumulator input, upper byte, even bit. 


Half input even 


Acc Add out. 

Accum Upper - 

Accumulator input, upper byte, odd bit. 

odd 

Half input odd 


LSB 

Accum Lower - 
Half input even 

Accumulator input, lower byte, even bit. 


Accum Lower - 
Half input odd 

Accumulator input, lower byte, odd bit. 

OVFL 

YR out even - 

“Y” register output, even (link to “YO”). 


YR out odd 

“Y” register output, odd (link to “Y1”). 

MSB 

YR in even 

“Y” register input, even (link for cascading) 
ground when not used. 


YR in odd 

“Y” register input, odd (link for cascading) 
ground when not used. 


Yl 

Multiplier odd input (link to Y register odd). 

CP 

Yo 

Multiplier even input (link to Y register even). 

OE 


Multiplier input even for cascading link to 
more significant byte, for standalone, 
ground. 

Multiplier input odd for cascading link to 
more significant byte, for standalone, 
ground. 

Multiplier output even (link to sum in even 
for cascading) can be used directly. 

Multiplier output odd (link to sum output 
odd for cascading) can be used directly. 

Adder output even, for LSB (Hi) output 
equal sum of Accum and multiplier, for 
LSB (low) output equal sum of accumula¬ 
tor and zero. 

Same as above except odd bit instead of 
even. 

Control for summing adder - See Accumu¬ 
lator Add outputs for definition. 

4-bit instruction field - provide cycle for 
cycle control of device function. 

Stored overflow indicator used only on 
least significant byte. Requires proper exe¬ 
cution of instruction to operate. 

Control for “Y” reg. and multiplier to indi¬ 
cate Most Significant Byte - Activates sign 
extension and negative waiting for 2’s com¬ 
pliment - Low for lesser significant bytes 
and High for Most Significant Byte only. 
Clock Pulse. 

3 state enable for Bus 0-Bus 7 outputs. 
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The Am25LS2516 LSI 



The Am25LS2516 is an 8-bit Multiplier/Accumulator designed for 
medium performance, minimum power, real time signal proces¬ 
sing applications such as digital filtering, Fast Fourier Trans¬ 
forms, and statistical correlation. Using two’s complement carry- 
save arithmetic, this 40-pin LSI device delivers a 16-bit product in 
eight clock cycles. This will permit two devices to be cascaded to 
achieve a 16-bit by 16-bit multiplication in 940ns when used over 
the full military operating range. 

A functional block diagram of the Am25LS2516 is shown in Figure 
1. The key elements are an 8-bit X input register followed by an 
8-bit X latch, an 8-bit Y register, four 2-bit multipliers, a 2-bit 
adder, two 8-bit accumulators (high order and low order), a byte 
selecting multiplexer and instruction decode logic. These com¬ 
ponents, equivalent to approximately 625 gate elements, are 
integrated onto a single chip fabricated using Advanced Micro 
Devices’ high-performance, Low-Power Schottky technology. 
The on-chip accumulator is provided to minimize component 
count and power dissipation in a high density system. It also 
allows completion of a multiply and accumulate operation in the 
same time normally required for a multiply only. Other LSI multi¬ 
pliers currently available require the accumulator function to be 
provided externally. 



Figure 1. 8-Bit by 8-Bit Multiplier Block Diagram with 

External Connections Required to Accumulate 
A 16-Bit Product. 


MULTIPLIER OPERATION 

The Am25LS2516 is configured around an eight-line common 
input/output bidirectional bus. X and Y input and accumulator 
output data are routed via these bus lines. A two-rank register/ 
latch combination is used for the X input to allow chaining of 
successive multiplies without losing a clock pulse; i.e., multiply 
and load vs. multiply. The latch holds the “X” data for the multi¬ 
plier, allowing the X register to be loaded during any remaining 
multiply cycles. The “Y” Register can be parallel loaded, by 
command, from the 8-bit, on-chip bus from either the incoming 8 
bits, or the Accumulator High or Accumulator Low Register (sepa¬ 
rate commands). The “Y” Register provides the 2-bit-at-a-time 
shift and the sign extend which allows the four 2-bit cells to 
operate in a serial by parallel mode. The multiplier produces a 
2-bit product for each clock, LSB’s first. Its output is accepted by" 
the 2-bit adder as well as presented to external pins for expan¬ 
sion. A control gating array is provided to test for overflow during 
the last add cycle of the operation; i.e., cycle 8 for 8-bit multiply 
and cycle 16 for 16-bit multiply. The timing and control of this 
specific cycle is accomplished by the microcode chosen. The 
“HLDA” and “LYSA” instructions are provided for this purpose. 
The first cycle of a HOLD A following a multiply will cause the 
results of the overflow test to be stored. Two 8-bit accumulators 
are provided which must be externally connected in either an 
8-bit, 16-bit, or greater configuration. 

These accumulators as well as the Y Register, are both organized 
as dual-rank shift registers, which allow them to shift two bits at a 
time. The serial inputs and outputs of the Y Register and the low 
and high order halves of the accumulator are all brought out to 
external pins for cascading the device. 

The accumulator output is available both serially and in parallel. 
The accumulator results are available one bit later than the multi¬ 
ply cycle and the accumulator stops shifting during read cycles. If 
the device is used to compute X • Y products without accumula¬ 
tion, a minimum of two overhead cycles must accompany each 
multiply - one for reading the upper (lower) half of the ac¬ 
cumulator and one for clearing of the accumulator during the 
loading of the X or Y Registers. An output multiplexer selects the 
high or low order accumulator contents for presentation to the bus 
in parallel 8 bits at a time. 

The heart of this device is an 8-bit multiplier (Figure 2) made up of 
four 2-bit cells. Each cell has three inputs (2 bits wide), two dual 
carry-save full adders, with four flip-flops for temporary storage 
(two for carry-save and two for partial product). The multiplier is 
actually subdivided into two separate adders with appropriate 
carry-save. The first adder forms a partial sum representing 0,1X, 
2X, or 3X by using combinations of X and 2X. The control of this 
combination of Yq and Y-i, respectively, to form YqX^ + Y^Xn + 1. 
This sum (nX) is the input for the second adder. The second adder 
combines the first adder (nX) sum with the stored partial product 
shifted two places plus carry to form a new partial product. 

Pqmsb + nXo + C = Pqlsb 

PiMSB + + C = Pilsb 
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The two partial product bits of the least significant cell are made 
available to the SUMmer and the SUM out terminals. The LSB 
input controls the SUM out providing a pass through or add 
dependent on polarity. 


PROGRAMMING THE MULTIPLIER 

The Am25LS2516 is an externally programmed device controlled 
by four instruction lines. This programmability provides a key to its 
flexibility. Sixteen microinstructions (see Table 1) are provided, 
which can be grouped into three major functions: Data Move, 
Read, and Multiply. 

Instruction 0-3; The first instructions (“0”, “1”, “2”, “3”) load 
the “Y” Register from the Accumulator (high or low) and load 
the “X” Register while either clearing or not clearing, respec¬ 
tively, the Accumulator. 

The next four instructions (“4”, “5”, “6”, “7”) load the “Y” Reg¬ 
ister from external “bus” and Holds on the accumulators and 
multiplier. 

Instruction “7” is unique and is used to execute a chain multiply. It 
provides the last multiply operation while loading the “Y” Regis¬ 
ter, transferring the “X”, and clearing the multiplier. 

Instrucitons “8” and “9” provide the read-out (upper and lower 
halves) of the Accumulator. 

instructions “A” and “B” internally transfer the respective halves 
of the Accumulator to the “X” Register - another method of chain 
calculating. 

Instruction “C” is used as an idling instruction after multiplication 
in order to hold the product in the accumulator until a read instruc¬ 
tion can be performed. NOTE: The operations of the instruction 
are in some cases stored by clocking the instructions into an 
instruction register, accounting for a clocked delay in operations. 
Specifically, the shifting of the Accumulator is an internally stored 
command and as such is started and stopped one clock cycle 
late, allowing the Accumulator tp complete its data shifting during 
the first HOLD A cycle following a multiply and starting it one clock 
cycle after the multiplying cycle is started. 


Instruction “D” is a single iteration of the multiply and must be 
used for each bit in the multiplier minus one. The last bit of the 
multiplier will be handled by a HOLD A (“C”) or a load Y and 
multiply (7). 

Instruction “E” provides a load “X” Register and Hold. 

Instruction “F” provides an intermediate instruction which can be 
executed during a multiply. It allows the “X” Register to load 
without disturbing the “X” Latch, while continuing the iteration of 
the multiply. 

Instructions “C” and “7” also provide sampling and storage of the 
overflow condition. 

TABLE I 

INSTRUCTION 

'3yi«0 


MNEMONIC IN HEX FUNCTION REMARKS 


YLHC 

0 

LHA--»-Y, XFER X. CLR A 

CLR M, READ OVFL 


YUHC 

1 

UHA-+Y, XFER X, CLR A 

CLR M, READ OVFL 


YLHA 

2 

LHA-^Y, XFERX 

CLR M. READ OVFL 


YUHA 

3 

UHA->Y, XFER X 

CLR M, READ OVFL 


LYCA 

4 

LOAD Y, XFER X, CLR A 

CLR M 

Same function 
as 5 

LYCA 

5 

CLR A 

LOAD Y, XFER X, CLR M 

Same function 
as 4 

LYHA 

6 

LOAD Y, XFER X, HOLD A 
CLR M 


LYSA 

7 

LOAD Y, XFER X, SHIFT A 
CLR M, MULTIPLY 

Enables overflow 
store in next state 

RLHA 

« 

READ LHA 

READ OVFL 


RUHA 

9 

READ UHA 

READ OVFL 


XLHA 

A 

LHA->X 

READ OVFL 


XUHA 

B 

UHA->Y 

READ OVFL 


HLDA 

C 

HOLD A 

Enable overflow 
store 

MULT 

D 

MULTIPLY 

SHIFT A 


LXHA 

E 

LOAD X, HOLD A 


LXSA 

F 

LOAD X, SHIFT A 

MULTIPLY 



^Continue multiplying instructions. 


FROM X LATCH 



Figure 2. Am25LS2&16 Multiplier Cell. 
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APPLICATION OF THE MULTIPLIER 

The flow diagram for an 8-bit two’s complement multiply Is shown 
in Figure 3, together with the required program micro-steps. 
Figure 4 extends this to include accumulate, intermediate load of 
X and chain calculations. Figures 5a and b show the external 
connection of two Am25LS2516 devices to execute a 16-bit by 
16-bit multiplication. A 32-bit product is completed in 16 clock 
cycles. This same technique may be extended in a similar fashion 
to longer word lengths. The flowchart of Figure 6 demonstrates a 
16-bit two’s complement multiply without accumulate, modified to 
a 12-bit by 12-bit function. 


The Am25LS2516 Multiplier/Accumulator is the most complex 
LSI product manufactured to date with Low-Power Schottky 
technology. It will be extremely useful in high-density applications 
where minimum package count is a primary consideration. The 
device itself performs an 8 x 8 or 16 x 16 multiplication in approxi¬ 
mately twice the time of parallel multipliers currently available, but 
using only one quarter the power in the multiplier portion of the 
function. In a fully configured system using both techniques, the 
Am25LS2516 performance begins to approach that of the parallel 
multiplier plus supporting devices. 



PROGRAM MICRO STEPS 


# 

INST IN HEX 

1 

E 

2 

4 

3 

D 

4 

D 

5 

D 

6 

D 

7 

D 

8 

D 

9 

D 

10 

D 

11 

C 

IDLE 



Figure 3. 8-Bit Two's Complement Multiply without Accumulate or Chain. 
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Arithmetic Logic Unit/Function Generator 
Low-Power Schottky integrated Circuits 


DISTINCTIVE CHARACTERISTICS 


FUNCTIONAL DESCRIPTION 


• Three arithmetic functions 

• Three logic functions 

• Preset and clear functions 

• Carry output (Cn+ 4 ) and overflow (OVR) outputs on 
Am25LS2517 

• Generate and propagate outputs for full lookahead carry 
on Am25LS381 

• 8 mA sink current over the military temperature range on 
Am25LS 

• 50mV improved Vql on Am25LS compared to 
Am54LS/74LS 

• 440/xA source current at HIGH output 


RELATED PRODUCTS 
Part No. Description 

Am2901 Bit Slice 

Am2903 Bit Slice 

Am29203 Super Slice 

Am29501 Multiport Pipeline Processor 


LOGiC DiAGRAM 



The Am25LS381 and Am54LS/74LS381 are arithmetic logic 
units (ALU)/function generators that perform three arithmetic 
operations and three logic operations on two 4-bit words. The 
device can also output forced 0000 (clear) or 1111 (preset). 
These eight operations are selected using three function select 
inputs Sq, S-] and S2 as shown in the function table. Full 
carry look ahead is used over the four-bit field within the 
device. When devices are cascaded, multi-level full carry look¬ 
ahead is implemejnted using a '182 carry look ahead generator 
and the G and P outputs on the Am25LS38l or Am54LS/ 
74LS381. The device is packaged in a space-saving (0.3-inch 
row spacing) 20-pin package, if the Cn+4 carry output func¬ 
tion is required, the Am25LS2517 should be used. 

The Am25LS381 is a high-performance version of the 
Am54LS/74LS381. Improvements include faster a. c. specifi¬ 
cations, higher noise margin and twice the fan-out over the, 
military temperature range. 

The Am25LS2517 is an arithmetic logic unit (ALU)/function 
generator that performs three arithmetic operations and 
three logic operations on two 4-bit words. The device can 
also force output 0000 (clear) or 1111 (preset). These eight 
operations are selected using three function select inputs Sq, 
S'! and S2 as shown in the function table. Full carry look- 
ahead is used over the four-bit field within the device. When 
devices are cascaded, the carry output (0^+4) is connected to 
the carry input (Cp) of the next device. The Am25LS2517 
can also detect two's complement overflow. The overflow 
output (OVR) is defined logically as 0^+3 © 0^+4. 


CONNECTION DIAGRAMS 
Top Views 


Am25LS2517 


Am25LS381 

Am54LS/74LS381 


.D,., n n n n n £i.., n . G n 


1 23456789 10 

U U U U U [JTJ UTJ'U' 

Ai Aq Bq Sq S2 Fq F^ GNO 


.[IIl.Q-a..Q-D, n -D 


15 14 13 12 


11 23456789 10 

UUUUUulJUlJU 

Ai B-j Aq Bq Sq S-] $2 Fq ^1 GND 


Leadless Chip Carrier 
L-20-1 


O - .. a ~ 

< m < > < 



Note: Pin 1 is marked for orientation. 
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Am25LS381 •Am25LS2517 
ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM'L Ta = 0°C to +70°C Vcc = 5.0V +5% MIN. = 4.75 V MAX. = 5.25 V 

MIL = -55“C to+125°C Vqc = 5.0V±10% MIN. =4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vqh 

Output HIGH Voltage 

Vcc = min., Ioh =-440mA 

V|N = V|H or V||_ 

MIL 

2.5 

3.4 


Volts 

COM'L 

2.7 

3.4 


VOL 

Output LOW Voltage 

Vcc = min. 

V|N = V|H or V||_ 

•OL “ 4.0mA 



0.4 

Volts 

•OL ~ 8.0mA 



0.45 

G, Iql ~ 16mA 



0.55 

ViH 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc = min., I|N =-18mA 



-1.5 

Volts 

»IL 

Input LOW Current 

Vcc = max., V|n = 0.4V 

Any S 



-0.36 

mA 

Any A or B 



-1.44 

'LS381, Cn 



. -1.08 

'LS2517, Cp 



-1.44 

l|H 

Input HIGH Current 

Vcc = max., V|n = 2.7V 

Any S 



20 

mA 

Any A or B 



80 

'LS381, Cn 



60 

'LS2517, Cn 



80 

l| 

Input HIGH Current 

Vcc = max., V|n = 7.0V 

Any S 



0.1 

mA 

Any A or B 



0.4 

'LS381, Cn 



0.3 

Vcc = max., V|N = 5.5V 

'LS2517,Cn 



0.4 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-85 

mA 

•cc 

Power Supply Current 
(Note 4) 

Vcc ~ max. 

MIL 

Am25LS381 



40 

mA 

Am25LS2517 



43 

COM'L 

Am25LS381 


25 

43 

Am25LS2517 


27 

47 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. TypicaMimits are at Vqq = 5.0 V, 25 C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Test conditions: LS381 : Sq = S-] =82 = GND, alt other inputs open. 

LS2517: Sq = Cp = open, all other inputs = GND. 


Am25LS • Am54LS/74LS 

MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto +125°C 

Supply Voltage to Ground Potential Continuous 

-0.5 V to +7.0 V 

DC Voltage Applied to Outputs for High Output State 

—0.5 V to +Vcc max- 

DC Input Voltage (Except Am25LS2517, Cn input = 5.5V) 

-0.5 V to+7.0 V 

DC Output Current, Into Outputs 

30 mA 

DC Input Current 

—30 mA to+5.0 mA 
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Am54LS/74LS381 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM'L Ta = 0°C to+70°C Vcc = 5.0 V ±5% MIN. = 4.75 V MAX. = 5.25 V 

MIL Ta =-55°C to+125°C Vcc = 5.0V ±10% MIN. = 4.50V MAX. = 5.50 V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 


Parameters 

Description 

Test Conditions (Note 1) 


Min. 

(Note 2) 

Max. 

Units 

VOH 

Output HIGH Voltage 

Vcc = min.. Iqh = -400mA I 

MIL 

2.5 

3.4 


Volts 

V|N = V|H or V|L 


COM'L 

2.7 

3.4 





•OL ~ 4mA 



0.4 


VOL 

Output LOW Voltage 

Vcc ~ min. 

74LS only, Iql = 8mA 



0.5 


V|N = V|H or V|L 

F, Iql “ 8.0mA 



0.5 

Volts 




G, Iql ~ 16mA 



0.65 


V|H 

Input HIGH Level 

Guaranteed Input logical HIGH 
voltage for all Inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 

MIL 



0.7 


voltage for all inputs 


COM'L 



0.8 


V| 

Input Clamp Voltage 

Vcc ~ min., I||\| = —18mA 



-1.5 

Volts 

! 

I|L 

Input LOW Current (Note 5) 

Vcc = max.. V||v| = 0.4 V 

Any S 



-0.4 

mA 

Others 



-1.6 1 

l|H 

Input HIGH Current (Note 5) 

Vcc = max., V|n = 2.7V 

Any S 



20 

mA 

Others 



80 ' 

'1 

Input HIGH Current (Note 5) 

Vcc = max., V|n = 7.0V 

Any S 



0.1 

mA 

Others 



0.4 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-100 

mA 

•cc 

Power Supply Current 
(Note 4) 

Vcc = max. 


25 

43 

mA 


Notes: 1. For conditions shown as MIN. orMAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0 V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Test conditions; LS381: Sq = S-j == S 2 = GND, all other inputs open. 

LS251 7: Sq = Cri = all other inputs == GND. 

5. Limits chosen by AMD based on SN54S/74S381, T.l. LS data unavailable. 


DEFINITION OF FUNCTIONAL TERMS 


FUNCTION TABLE 


Aor A-I, A2, A3 
Bq. Bi , 83, 83 
So» S-i, $2, S3 

FQ' Fi, F2, F3 
Cn 

Cn+4 

G 

P 

OVR 


The A data inputs. 

The B data inputs. 

The control inputs used to determine the 
arithmetic or logic function performed. 

The data outputs of the ALU. 

The carry-in input of the ALU. 

The carry-look-ahead output of the four-bit 
input field. 

The carry-generate output for usie in multi¬ 
level look-ahead schemes. 

The carry-propagate output for use in multi¬ 
level look-ahead schemes. 

Overflow. This pin is logically the Exclusive- 
OR of the carry-in and carry-out of the MSB 
of the ALU. At the most significant end of 
the word, this pin indicates that the result 
of an arithmetic two's complement operation 
has overflowed into the sign-bit. 


Selection | 

Arithmetic/Logic 

Operation 

CM 

00 

Si 

So 

L 

L 

L 

Clear 

L 

L 

H 

B Minus A 

L 

H 

L 

A Minus B 

L 

H 

H 

A Plus B 

H 

L 

L 

A ® B 

H 

L 

H 

A + B 

H 

H 

L 

AB 

H 

H 

H 

Preset 


H = High Level, L = Low Level 
See Truth Table for full description. 
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(Ta = +25°C. Vcc = 5.0V) 

Am25LS 

Am54LS/74LS 


Paramdters 

Description 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

tpLH 

CntoFj 



14 

21 



26 

ns 

tPHL 



16 

24 



30 

tPLH 

Aj or Bj to Fj 



16 

24 



30 

ns 

tPHL 



23 

35 



40 

tpLH 

Sj to Fj 



20 

30 



35 

ns 

IPHL 



25 

37 



40 

tPLH 

Aj or Bj to G (’LS381 Only) 



20 

30 



35 

ns 

*PHL 



15 

23 



30 

tpLH 

Aj or Bj to P (’LS381 Only) 



17 

26 



34 

ns 

IPHL 



15 

23 



30 

tpLH 

Sj to G or P (’LS381 Only) 

Cl = 15pF 


32 

48 



55 

ns 

tpHL 

Rl = 2.0kft 


23 

35 



42 

tPLH 

Aj or Bj to OVR (’LS2517 Only) 


1 

23 

34 



- 

ns 

tPHL 



24 

36 



- 

tpLH 

Aj or Bj to Cn +4 (’LS2517 Only) 



21 

32 



- 

ns 

tPHL 



24 

36 




tPLH 

Sj to OVR or Cn +4 (’LS2517 Only) 



27 

41 



- 

ns 

tPHL 



37 

55 



- 

tpLH 

Cn.to Cn+4 (’LS2517 Only) 



14 . 

21 

. 



ns 

tPHL 



15 

22 




tpLH 

Cn to OVR (’LS2517 Only) 



15 

22 



- 

ns 

tPHL 



15 

22 



- 


SWITCHING CHARACTERISTICS 

Am25LS COM’L 

Am25LS MIL 


OVER OPERATING RANGE* 

Ta = 0 to +70^ 

Vcc = 5.0V ±5% 

Ta= -55to-l-125X 
Vcc = 5.0V ±10% 


Parameters 

Description 

Test Conditions 

Min 

Max 

Min 

Max 

Units 

tpLH 

CntoFi 



27 


30 


tPHL 



35 


42 

tpLH 

Aj or Bj to Fj 



32 


36 


tPHL 



44 


50 

tPLH 

Sj to Fj 



38 


42 


tPHL 



48 


55 

tPLH 

Aj or Bj to G (’LS381 Only) 



37 


40 


IPHL 



31 


36 

tPLH 

Aj or Bj to P (’LS381 Only) 



34 


39 


tPHL 



34 


42 

tPLH 

Sj to G or P (’LS381 Only) 

Cl = 50pF 


57 


63 


tpHL 

Rl = 2.0kn 


47 


55 

tPLH 

Aj or Bj to OVR (’LS2517 Only) 



41 


45 


tpHL 



47 


55 

tpLH 

Aj or Bj to Cn +4 (’LS2517 Only) 



38 


40 


IPHL 



46 


52 

tPLH 

Sj to OVR or Cn +4 (’LS2517 Only) 



52 


60 


tPHL 



66 


75 


tPLH 

Cn to Cn +4 (’LS2517 Only) 



28 


32 


tPHL 



28 


30 

tPLH 

Cn to OVR (’LS2517 Only) 



30 


35 


tPHL 



28 


30 


"■AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25 LS/54LS/74 LS381 
TEST TABLE 


Path 

So 

Si 

S2 

Cn 

Same Bit 

Other Data Bits 

Output 

Waveform 

In 

Out 

4.5 V 

GND 

4.5 V 

GND 


Any F 

1 

0 

0 

- 

- 

- 

All A's& B's 

- 

out-of-phase 

Cn 

Fj 

1 

0 

0 

- 

Bj 

Ai 

All A's & B's 

- 

in-phase 

Aj 

G 

1 

1 

0 

X 

Bj 

- 

All B's 

All A's 

out-of-phase 

Bj 

G 

1 

1 

0 

X 

Aj 

- 

All B's 

All A's 

out-of-phase 

Ai 

P 

X 

X 

1 

X 

Bj 

- 

All A's & B's 

- 

out-of'-phase 

Bj 

P 

1 

1 

0 

X 

- 

Aj 

All B's 

All A’s 

out-of-phase 

Aj 

Fj 

0 

1 

0 

0 

- 

Bi 

- 

A's & B's 

out-of-phase 

Ai 

Fj 

0 

1 

0 

1 

- 

Bi 

- 

A's & B's 

in-phase 

Bj 

Fj 

0 

1 

0 

0 

- 

-Aj 

- 

A's & B's 

out-of-phase 

Bi 

Fj 

0 

1 

0 

1 

- 

Aj 

- 

A's & B's 

in-phase 

Aj 

Fj+1 

0 

1 

0 

1 

Bj 

- 

A's & B's 

- 

out-of-phase 

Bj 

Fj+1 

1 

0 

0 

1 

Aj 

- 

A's & B's 

- 

out-of-phase 

So 

Fj 

- 

0 

0 

1 

Bj 

Aj 

All B's 

All A's 

in-phase 

So 

■q 

- 

1 

0 

X 

- 

- 

A's & B's 

- 

out-of-phase 

So 

P 


1 

0 

X 

- 

- 

All B's 

All A's 

out-of-phase 

Si 

Fj 

0 

- 

0 

1 

Aj 

Bj 

All A's 

All B's 

in-phase 

Si 

G 

1 

- 

0 

X 


- 

A's & B's 

- 

out-of-phase 

Si 

P 

1 

- 

0 

X 


- 

All A's 

All B's 

out-of-phase 

S2 

Fj 

0 

1 

- 

1 

Aj 

Bj 

All A's 

All B's 

out-of-phase 

S2 

G 

1 

1 

- 

X 

- 

- 

A's & B's 

- 

in-phase 

S2 

P 

1 

1 

- 

X 

- 

- 

All A's 

All B's 

in-phase 


X = Don't care 


TRUTH TABLE 



INPUTS 

OUTPUTS 

FUNCTION 

So 

Si 

S 2 

Cn 

An 

Bn 

FO 

Fl 

F2 

h 

G 

p 

CLEAR 

0 

0 

0 

X 

X 

X 

0 

0 

0 

0 

0 

0 





0 

0 

0 

1 

1 

1 

1 


0 





0 

0 

1 

0 

1 

1 

1 

0 

0 





0 

1 

0 

0 

0 

0 

0 

1 

1 

B MINUS A 

1 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

0 • 





1 

0 

0 

0 

0 

0 

0 

1 

6 





1 

0 

1 

1 

1 

1 

1 

0 

0 





1 

1 

0 

1 

0 

0 

0 

1 

1 





1 

1 

1 

0 

0 

0 

0 

1 

0 





0 

0 

0 

1 

1 

1 

1 

’1 

0 





0 

0 

1 

0 

0 

0 

0 

1 

1 





0 

1 

0 

0 

1 

1 

1 

0 

0 

A MINUS B 

0 

1 

0 

0 

1 

1 

1 

1 

1 

1 

1 

0 





1 

0 

0 

0 

0 

0 

0 

1 

0 





1 

0 

1 

1 

0 

0 

0 

1 

1 





1 

1' 

0 

1 

1 

1 

1 

0 

0 





1 

1 

1 

0 

0 

0 

0 

1 

0 





0 

0 

0 

0 

0 

0 

0 

1 

1 





0 

0 

1 

1 

1 

1 

1 

1 

0 





0 

1 

0 

1 

1 

1 

1 

T 

0 

A PLUS B 

1 

1 

0 

0 

I 1 

1 

0 

1 

1 

1 

0 

0 





1 

0 

0 

1 

0 

0 

0 

1 

1 





1 

0 

1 

0 

0 

0 

0 

1 

0 





1 

1 

0 

0 

0 

0 

0 

1 

0 





1 

1 

1 

1 

1 

1 

1 

0 

0 





----- 

0 

0 



0 

0 


1 





X 

0 

1 

1 

1 

1 

1 

1 

1 

A Q B 

0 

0 

1 














X 

1 

0 

1 

1 

1 

1 

1 

0 





X 

1 

1 

0 

0 

0 

0 

0 

0 





X 

0 

0 


"“o’ 


0 


1 

A 4. B 

1 

0 

1 

X 

0 

1 

1 

1 

1 

1 

1 

1 





X 

1 

0 

1 

1 

1 

1 

1 

1 





X 

1 

1 

1 

1 

1 

1 

1 

0 





X 

0 

0 

0 

.“T 

0 

0 

0 

0 

AB 

0 

1 

1 

X 

0 

1 

0 

0 

0 

0 

1 

1 





X 

1 

0 

0 

0 

0 

0 

0 

0 





X 

1 

1 

1 

1 

1 

1 

1 

0 





X 

0 

0 

1 

__ 

1 

1 

1 

1 















PRESET 
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Am25LS2517 
TEST TABLE 


Path 

So 

Si 

S2 


Same Bit 

Other Data Bits 

Output 

Waveform 

In 

Out 

4.5 V 

GND 

4.5 V 

GND 

Cn 

Any F 

1 

0 

0 

- 

- 

- 

A's & B's 

None 

out-of-phase 

Cn 

Fj 

1 

0 

0 

- 

Bi 

Ai 

A's & B's 

None 

in-phase 

Aj 

Fj 

0 

1 

0 

0 

- 

Bi 

None 

A's & B's 

out-of-phase 

Aj 

Fj 

0 

1 

0 

1 

- 

Bi 

None 

A's & B's 

in-phase 

Aj 

OVRF 

0 

1 

1 

1 

Bi 

- 

A's & B's 

None 

in-phase 

Ai 

Cn+4 

0 

1 

1 

1 

Bi 

- 

A's & B's 

None 

in-phase 

Bj 

Fi 

0 

1 

0 

0 

- 

Aj 

None 

A's & B's 

out-of-phase 

Bi 

Fi 

0 

1 

0 

1 

- 

Aj 

- 

A's & B's 

in-phase 

Bi 

OVRF 

0 

1 

1 

0 

Aj 

- 

A's & B's 

None 

out-of-phase 

Bi 

Cn+4 

0 

1 

1 

0 

Aj 

- 

A's & B's 

None 

out-of-phase 

Ai 

Fi+1 

0 

1 

0 

1 

Bj 

- 

A's & B's 

None 

out-of-phase 


Fi+1 

1 

0 

0 

1 

Aj 

- 

A's & B's 

None 

out-of-phase 

So 

Fi 

- 

0 

0 

1 

Bj 

Aj 

All B's 

All A's 

in-phase 

So 1 

OVRF 

- 

1 

1 

0 

- 

- 

None 

A's & B's 

out-of-phase 

So 

Cn+4 

- 

1 

1 

0 

- 

- 

None 

A's & B's 

out-of-phase 

Si 

Fj 

0 

- 

0 

1 

Ai 

Bi 

All A's 

All B's 

in-phase 

Si 

OVRF 

0 

- 

1 

X 

- 1 

- 

None 

A's & B's 

in-phase 

■Si 

Cn+4 

0 

- 

1 

X 

- 1 

1 

None 

A's & B's 

in-phase 

S2 

Fi 

0 

1 

- 

1 

Aj 

Bi 

All A's 

All B's 

in-phase 

S2 

OVRF 

0 

1 

- 

0 

- 

~ 1 

None 

A's & B's 

out-of-phase 

S2 

Cn+4 

0 

1 

- 

0 

- 


None 

A's & B's 

in-phase 


X = Don't care 


TRUTH TABLE 
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GUARANTEED LOADING RULES OVER OPERATING RANGE 
(In Unit Loads) 

A Low-Power Schottky TTL Unit Load is defined as 20juA measured at 2.7V HIGH and —0.36mA measured at 0.4V LOW. 


Pin No.'s 

Input/Output 

Am25LS 

Am54LS/74LS 

Input Load 

Output 

HIGH 

-440iuA 

Output 

LOW 

MIL COM'L 

Input Load 

Output 

HIGH 

-400/uA 

Output 

LOW 

MIL COM'L 

1 Ai 

4.0 

- 

- 

- 

4.4 

- 

- 

- 

2 

B1 

4.0 

- 

- 

- 

4.4 

- 

- 

- 

3 

Ao 

4.0 

- 

- 

- 

4.4 

- 

- 

- 

4 

Bo 

4.0 

- 

- 

- 

4.4 

- 

- 

- 

5 

So 

1.0 

- 

- 

- 

1.1 

- 

- 

- 

6 

Si 

1.0 

~ 

- 

- 

1.1 

- 

- 

- 

7 

S2 

1.0 

- 

- 

- 

1.1 

- 

- 

- 

8 

FO 

_ 

22 

22 

22 

- 

20 

1 1 

22 

9 

Fl 

- 

22 

22 

22 

- 

20 

11 

22 

10 

GND 

- 

- 

- 

- 

- 

- 

- 

- 

11 

F2 

- 

22 

22 

22 

- 

20 

11 

22 

12 

F 3 

- 

22 

22 

22 

- 

20 

11 

22 

13 

G or OVR* 

- 

22 

44 

44 

- 

20 

44 

44 

14 

P or Cn+4 

- 

22 

22 

22 

- 

20 

11 

22 

15 


3.0** 

- 

- 


4.4 

- 

- 

- 

16 

B 3 

4.0 

- ' 



4.4 

- 

- 

- 

17 

A 3 

4.0 

- 

- 


4.4 

- 

- 


18 

B2 

4.0 

- 

- 


4.4 

- 

- 

- 

19 

A2 

4.0 

- 

- 

- 

4.4 

- 

~ 

- 

20 

Vcc 

- 

- 

- 

I 

~ 

- 


- 


♦OVR Drive is 22 Unit Loads. 
• *4.0 for Am25LS2517. 


Am25LS« Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


Metallization and Pad Layout 



Note: Actual current flow direction shown. 


DIE SIZE 0.091" X 0.108" 


USER NOTES 

1 . Throughout this data sheet, the active HIGH input and out¬ 
put terminology has been used. 

2. Arithmetic operations are performed on a word basis. 

3. Logic operations are performed on a bit basis. 


4. Arithmetic in Vs complement notation requires an end 
around carry. 

5. Subtraction in 2's complement notation requires a carry in 
(Cp = HIGH) for the active HIGH case. 
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Understanding the Ann25LS2517 
and the Ann25LS381 

By John R. Mick 


INTRODUCTION 

The heart of most digital arighmetic processors is the arithme¬ 
tic logic unit (ALU). The ALU can be thought of as a digital 
subsystem that performs various arithmetic and logic oper¬ 
ations on two digital input variables. The Am25LS2517 and 
the Am25LS381 are Schottky TTL arithmetic logic units/ 
function generators that perform eight arithmetic/logic opera¬ 
tions on two four-bit input variables. In most ALU's, speed is 
generally a key Ingredient. Therefore, as much parallelism In 
the operation of the arithmetic logic unit as possible is desired. 

The Am25LS381 ALU is designed to operate with a '182 carry 
lookahead generator to perform multi-level full carry lookahead 
over any number of bits. Therefore, the Am25LS381 has both 
the carry generate and carry propagate outputs required by the 
'182 carry lookahead generator. The Am25LS2517, on the 
other hand, does not have the carry generate and carry propa¬ 
gate functions, but rather has the carry output (Cn+ 4 ) and a 
two's complement overflow detection signal (OVR) available 
at the output. The net result is that a very high-speed 16-blt 
arithmetic logic unit/function generator can be designed and 
assembled using three Am25LS38rs, one Am25LS2517, and 
one Am2902 (the Am2902 is a high-speed version of the '182 
carry lookahead generator). 

UNDERSTANDING THE FULL ADDER 

The results of an arithmetic operation in any position in a 
word depends not only on the two-input operand bits at that 
position, but also on all the lesser significant operand bits of 
the two Input variables. The final result for any bit, therefore, 
is not available until the carries of all the previous bits have 
rippled through the logic array starting from the least signifi¬ 
cant bit and propagating through to the most significant bit, A 
full adder is a device that accepts two individual operand bits 
at the same binary weight, and also accepts a carry input bit 
from the next lesser significant weight full adder. The full 
adder then produces the sum bit for this bit position and also 
produces a carry bit to be used in the next more significant 
weight full adder carry Input. The truth table for a full adder is 


shown in Figure 1. From this truth table, the equations for the 
full adder: 

S=A©B®C 
Co = AB + BC + AC, 

where A and B are the input operands to the full adder and 
C is the carry input into the adder. 

The sum output, S, represents the sum of the A and B operand 
inputs and the carry input. The carry output, Cq, represents 
the,carry out of this cell and can be used in the next more sig¬ 
nificant cell of the adder. Full adder cells can be cascaded as 
depicted in Figure 2 to form a four-bit ripple carry parallel 
adder. 


Inputs 

Outputs 

A 

B 

c 

S 

Co 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

1 

0 

0 

1 

1 

0 

1 

1 

0 

0 

1 

0 

1 

0 

1 

0 

1 

1 

1 

0 

0 

1 

1 

1 

1 

1 

1 


Figure 1. Full Adder Truth Table. 

Note that once we have cascaded devices as shown in Figure 2, 
we may wish to discuss the equations for the i-th bit of the 
adder. In so doing, we might describe the equations of the full 
adder as follows: 

Sj = Aj ® Bj ® Cj 

^i+l ~ AjBj + BjCj + AjCj 

where the Aj and Bj are the Input operands at the i-th bit, 
and the Cj is the carry Input to the i-th bit. (Note that the 
equations for this adder are Iterative in nature and each 
depends on the result of the previous lesser significant bits 
of the adder array.) 



Figure 2. Cascaded Full Adder Cells Connected as a Four-Bit Ripple-Carry Full Adder. 
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The connection scheme shown in Figure 2 requires a ripple 
propagation time through each full adder cell. If a 16-blt adder 
is to be assembled, the carry will have to propagate through all 
16 full adder cells. What is desired is some technique for antici¬ 
pating the carry such that we will not have to wait for a ripple 
carry to progagate through the entire network. By using some 
additional logic, such an adder array can be constructed. This 
type of adder is usually called a carry lookahead adder. 

A FOUR-BIT CARRY LOOKAHEAD ADDER 

Looking back to the equations developed for i-th bit of an 
adder, let us now rewrite the carry equation in a slightly dif¬ 
ferent form. When we factor the Cj in this equation, the new 
equation becomes: 

Ci+1 ~ AjBj -t- Cj (Aj -H Bj) 

From the above equation, let us now define two additional 
equations. These are: 

Gj = AjBj 
Pj = A| -t- Bj 

With these two new auxiliary equations, we can now rewrite 
the carry equation for the i-th bit as follows: 

Cj +1 = Gj + PjCj 

Note that we have now developed two terms: the Pj term is 
known as carry propagate and the Gj term is known as carry 
generate. An anticipated carry can be generated at any stage of 
the adder by implementing the above equations and using the 
auxiliary functions Pj and Gj as required. 

It is Interesting to note that the sum equation can also be 
written In terms of these two auxiliary equations, Pj and Gj. 
For this case, the equation is: 

Sj = (Aj + Bj) (AjBj)©Cj 

The auxiliary function Gj is called carry generate, because if It 
is true, then a carry is immediately produced for the next adder 
stage. The function Pj is called carry propagate because it 
Implies there will be a carry into the next stage of the adder if 
there Is a carry into this stage of the adder. That Is, Gj causes a 
carry signal at the i-th stage of the adder to be generated and 
presented to the next stage of the adder while Pj causes an 
existing carry at the input to the i-th stage of the adder to 
propagate to the next stage of the adder. 

Let us now write all of the sum and carry equations required 
for a full four-bit lookahead carry adder. 

So = Ao ® Bo ® Co 

S'! = Ai ® B-j ® [Go + PoCo] 

5 2 = A2 ® B2 ® [Gi + Pi Go + PiPoCol 

5 3 = A 3 ® B 2 ® [G 2 + P 2 G 1 + P 2 P 1 G 0 + P 2 P 1 P 0 C 0 ] 

Ci-i-4 = G 3 + P 3 G 2 + P 3 P 2 G 1 + P 3 P 2 P 1 Go + P 3 P 2 P 1 PqGo 

An important point to note is that all of the sum equations and 
the final carry output equation, Cj+ 4 , can be written in terms 
of the Aj, Bj, and Co inputs to the four-bit adder. The confi¬ 
guration as described above is shown in Figure 3. This figure is 
divided into two parts — the upper blocks show the auxiliary 
function generator circuitry required to implement the Pj and 
Gj equations while the lower block implements the logic re¬ 
quired to generate the sum output at each bit position. 

A serious drawback to the lookahead carry adder Is that as the 
word length is increased, the carry functions become more and 
more complex, eventually becoming impractical due to the 
large number of interconnections and heavy loading of the Gj 
and Pj functions. The auxiliary function concept can be ex¬ 
tended, however, by dividing the word length into fairly small 
increments and defining blocks of auxiliary functions G and P. 



Figure 3. Full Four-Bit Carry-Lookahead Adder. 

It is possible for a given block, to define a function G as the 
carry out generated with the block; and P can be defined as 
the carry propagate over the block. If the block size is set at 
four bits, then the functions for G and P for this block can be 
defined as follows: 

G = G 3 + P 3 G 2 + P 3 P 2 G 1 + P 3 P 2 P 1 G 0 
P= P 3 P 2 P 1 P 0 

It is important to note that neither of these terms involves a 
carry-in (Cq) to the block, so no matter how many blocks are 
tied in an adder, all the blocks have stable G and P functions 
available in a minimum number of gate delays. 

The G and P functions can be gated to produce a carry-in to 
each four-bit block, as a function of the lesser significant 
blocks. The carry-in to a block in is therefore: 

Cn = Gn-1 + Pn-lGn-2 + Pn-lPn-2Gn-3 + ... 

+ Pn-1 Pn-2Pn-3 • • • P2P1 PqCo 

Finally, the carry-in to each of the bits in a four-bit block must 
include a term for the actual least significant carry-in; note, 
therefore, that the equations for the four-bit full adder pre¬ 
sented above include a term for carry-in at each bit position. 
Figure 4 shows the logic diagram for the Am25LS381 arith¬ 
metic logic unit/function generator while Figure 5 shows the 
logic diagram for the Am25LS2517 arithmetic logic unit/ 
function generator. Note the generate and propagate outputs 
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on the Am25LS381, and the carry output and overflow output 
on the Am25LS2517. Figure 6 gives the function table for both 
the Am25LS2517 and Am25LS381. Figure 7 shows the tech¬ 
nique for cascading three Am25LS381's, one Am25LS2517, 
and one Am2902 in a full 16-bit high-speed carry lookahead 
connection. Figure 8 shows a connection scheme using only 
four Am25LS2517's in a 16-bit arithmetic logic unit con¬ 
nection where the carries are rippled between the devices. 
Each Am25LS2517 does use internal carry lookahead over the 
four-bit block. 

In summary) the ripple carry method can be used in conjunction 
with the lookahead technique in several ways. 

1. Lookahead carry over sections of the adder and ripple 
carry between these sections of the adder can be used. This 
method is often the most efficient in terms of hardware for 



Selection | 

Arithmetic/Logic 

Operation 

$2 

Si 

So 

L 

L 

L 

Clear 

L 

L 

H 

B Minus A 

L . 

H 

L 

A Minus B 

L 

H 

H 

A Plus B 

H 

L 

L 

A ® B 

H 

L 

H 

A + B 

H 

H 

L 

AB 

H 

H 

H 

Preset 


H = High Level, L = Low Level 

Figure 6. Function Table for the Am25LS2517 
and Am25LS381. 



Figure 7. Full Lookahead Carry 16-Bit Adder. 
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Figure 8. Connection of 16-Bit ALU Using Ripple Carry. 


a given speed requirement. It does not require the use of a 
lookahead carry generator such as the Am2902. 

2. Lookahead carry across 16-bit blocks with a ripple carry 
between 16-bit blocks can be used. This technique is 
usually called two-level carry lookahead addition. This tech¬ 
nique results In very high-speed arithmetic function gener¬ 
ation and makes a reasonable tradeoff between the speed 
and hardware for word lengths greater than 16 bits. 

3. Full lookahead carry across all levels and all block sizes can 
be used. This Is the highest speed arithmetic logic unit con¬ 
nection scheme. For word sizes up to 64 bits, it Is referred 
to as three-level lookahead carry addition. Such a 64-bit 
ALU requires the use of five Am2902 carry lookahead gen¬ 
erator units in addition to the 15 Am25LS381 devicesand 
one Am25LS2517 as shown In Figure 9. 

OVERFLOW 

When two's complement numbers are added or subtracted, the 
result must lie within the range of the numbers that can be 
handled by the operand word length. Numbers are normally 
represented either as fractions with a binary point between the 
sign bit and the rest of the word, or as integers where the binary 


point is after the least significant bit. The actual choice for the 
location of the binary point is really up to the design engineer, 
as the hardware configuration required for either technique Is 
identical. It is also possible to use number notations that in¬ 
clude both integer and fractional representations in the same 
numbering scheme. Overflow Is defined as the situatibn where 
the result of an arithmetic operation lies outside of the num¬ 
ber range that can be represented by the number of bits in the 
word. For example, if two eight-bit numbers are added and the 
result does not lie within the number range that can be re¬ 
presented by an eight-bit word, we say that an overflow has 
occured. This can happen at either the positive end of the 
number range or at the negative end of the number range. The 
logic function that Indicates that the result of an operation Is 
outside of the representable number range is: 

OVR = Cs®Cs+i 

where Cs is the carry-in to the sign bit and Cs+1 is the 

carry-out of the sign bit. 

Thus, for a four-bit ALU with the sign bit in the most signifi¬ 
cant bit position, the overflow can be defined as the Cn+4 
term exclusive OR'ed with the Cp-fS term. 


CARRYOUT 



Figure 9. 64-Bit ALU with Full Carry Lookahead Using 5 Am2902's, 15 Am25LS381's and 1 Am25LS2517. 
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SPEED OR DELAY 

Usually, the most important parameter in the design of any 
arithmetic logic unit is speed. How fast can two numbers be 
added? Is ripple carry sufficient or should carry lookahead 
over the entire adder array be used? In order to answer these 
questions, the design engineer must first evaluate the speed of 
the ALU required in his system. Then he can evaluate the var¬ 
ious alternatives based on the number of bits in the word 
being used in the design. 

The calculation of the speed (add or subtract time) of a 16-bit 
adder is straightforward and will be discussed in detail. It 
should be mentioned that the speed of the adder while in the 
logic mode is simply the propagation delay from the Aj or 
Bj inputs to the Fj outputs {35ns maximum at 25°C and 5V 
for the Am25LS2517). 

LOOKAHEAD CARRY 

The typical method for building 16-bit ALU's is to employ a 
carry lookahead generator such as the Am2902. Such a 16-bit 
design would incorporate three Am25LS38rs, one Am25LS 
2517, and one Am2902. For the 16-bit full carry lookahead 
adder in the add or subtract mode as shown in Figure 7, the 
maximum propagation delay for data-in to data-out is cal¬ 
culated as follows: 


DATA PATH DELAY 

16-BIT LOOKAHEAD ADDER/SUBTRACTOR 
{-!-5V and 25°C Maximum Delays) 


Path 

Output 

Units 

Fi 

Cn+4 

OVR 

Aj or B| to G or P 

27 

27 

27 

ns 

Gj or Pj to Cj+j (Am2902) 

' 10 

10 

10 

ns 

Cn to Fj 

23 

- 

- 

ns 

Cp to 0^+4 or OVR 

- 

22 

22 

ns 

TOTAL 





16-bit delay 

60 

59 1 

59 

ns 


The data path for this computation begins at the least signifi¬ 
cant 4-bit device, propagates through the Am2902, and then 
ends at the most significant 4-bit device. Actually, the delay 
to the outputs of the most significant device (MSD), then 
second MSD, or third MSD is identical. 

Thus, the above speed is identical if a 12-bit ALU is fabricated. 
This results because the same types of combinatorial propaga¬ 
tion delays are involved. 

We should also investigate the delay of this adder with regard 
to the select inputs as shown in Figure 7. Again, we may cal¬ 
culate the 16-bit full carry lookahead add/subtract delay as 
follows: 


16-BIT LOOKAHEAD ADDER DELAY 
FOR SELECT INPUTS 
(+5V and 25°C Maximum Delays) 


Path 

Output 

Units 

Fi 

Cn+4 

OVR 

Sj to G or P 

48 

48 

48 

ns 

Gj or Pj to Cj+j (Am2902) 

10 

10 

10 

ns 

Cn to Fj 

23 

- 

- 

ns 

Cp to Cn +4 o"" OVR 

- 

22 

22 

ns 

TOTAL 





16-bit delay 

81 

80 

80 

ns 


Let us examine the speed of a 64-bit arithmetic logic unit 
fabricated as shown in Figure 9. The worst case path for this 
design is as follows: 

DATA PATH DELAY 

64-BIT LOOKAHEAD ADDER/SUBTRACTOR 
(+5V and 25°C Maximum Delays) 


Path 

Output 

Units 

Fj 

Cn+4 

OVR 

AjorBjtoGorP 

27 

27 

27 

ns 

Gj or Pj to Gj or Pj (Am2902) 

14 

14 

14 

ns 

Gj or Pj to Cj+j (Am2902) 

10 

10 

10 

ns 

Cp to Cj+j (Am2902) 

14 

14 

14 

ns 

Cp to Fj 

23 

- 

- 

ns 

Cp to Cp +4 or OVR 

- 

22 

22 

ns 

TOTAL 

16-bit delay 

88 

87 

87 

ns 


The above example demonstrates the speed improvement 
when using carry lookahead over the entire array. When this 
64-bit example is compared with the previous 16-bit example, 
it will be found that the only difference Is the addition of two 
Am2902 delays. 

RIPPLE CARRY 

The slowest speed ALU design employs the ripple carry tech¬ 
nique. When four-bit devices such as the Am25LS2517 are 
employed in such an ALU, the speed is usually computed 
using the combinatorial delay terms in the following manner. 

1. Select the longest combinatorial delay in the least signifi¬ 
cant device from any input to the carry output, Cn+ 4 . This 
is usually from the A or B inputs to the carry output. 

2. Add the carry input to carry output propagation delay as 
many times as required to represent each of the interme¬ 
diate four-bit ALU's. 

3. Finally, take the propagation delay from the carry input to 
the ALU adder outputs. 

When the above rules are followed, the total worst case propa¬ 
gation delay over the entire ALU bit width is derived. 

If we consider the ripple carry adder/subtractor configuration 
as shown in Figure 8, the propagation delay for the data input 
to data output path is computed as follows: 

DATA PATH DELAY 

16-BIT RIPPLE CARRY ADDER/SUBTRACTOR 
(+5V and +25°C Maximum Delays) 


Path 

Output 

Units 

Fi 

Cn+4 

OVR 

Aj or Bj to Cp +4 

36 

36 

36 

ns 

Cp to Cp +4 

22 

22 

22 

ns 

Cp to Cp +4 

22 

22 

22 

ns 

Cn to Fj 

23 

- 

- 

ns 

Cp to Cp +4 or OVR 

- 

22 

22 

ns 

TOTAL 

16-bit delay 

103 

102 

102 

ns 


In this connection, the maximum delay begins at the least sig¬ 
nificant device and propagates through the most significant 
device via the ripple carry path. 

The select to output delay is computed in a similar manner 
using Sj to Cn- 1-4 as the first term and is found to be: 

Sj to Fj = 122ns; Sj to Cn-f-4 = 12ns; Sj to OVR = 121ns 
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Understanding the Am25LS2517 and the Am25LS381 


The ripple carry computational examples show the speed 
of a 16-bit ALU function/generator built using four Am25LS 
2517's. 

COMPARING THE '2517/'381 WITH THE '181 

To compare the performance of the Am25LS2517 and 
LS381, we should evaluate the various '181 ALU's connected 
in a 16-bit configuration with the Am2902 carry lookahead 
generator used In all configurations as shown in Figure 7. The 
comparison for the Aj or Bj to Fj add/subtract time is as 
follows: 


COMPARISON OF 16-BIT ADDER/SUBTRACTOR 
DATA DELAY USING 4 ALU's AND 1 Am2902 


ALU Device 

Maximum 

Add/Subtract 

Delay 

+5V and 25° C 

Maximum 

Power* 

Vcc = +5.25V 

Am74S181 

37ns 

914mA 

Am74181 

64ns 

694mA 

Am74LS181 

69ns 

242mA 

Am25LS181 

55ns 

242mA' 

Am25LS381 /Am25LS2517 

60ns 

266mA 


*Note: Of this power, 94mA is the Am2902 


Even more Important Is the comparison of “System Speed" 
normally associated with the ALU function. If we assume the 
system configuration as shown In Figure 10, then a reasonable 
comparison of speed for Aj or Bj to OVERFLOW can be made 
as follows: 


SPEED AND POWER 
FOR ALU SYSTEMS OF FIGURE 10 






All 




All 

All 

All 

Gold 

'LS381 


Path 

“S” 

25LS 

74LS 

Doped 

’LS2517 

Units 

Aj or Bj to G 
or P 

15 

26 

33 

25 

27 

ns 

G or P to Cj+j 
(Am2902) 

10 

10 

10 

10 

10 

ns 

Cn to OVR 

- 

- 

- 

- 

22 

ns 

Cn to F 3 

12 

19 

26 

19 

- 

ns 

CouttoOVR 

21 

- 

60 

60 

- 

ns 

TOTAL 

58 

55 

129 

114 

59 

ns 

POWER 

998 


253 

748 

266 

mA 


*no 25 LS 



a) The '181 Connection 


OVERFLOW 



b) The '381/'2517 Connection 


Figure 10. The Normal ALU System. 



SUMMARY 

The Am25LS381 and Am25LS2517 offer superior perfor¬ 
mance utilizing the space saving 20-pin package. The data add/ 
subtract time compares very favorably with the 74181 and 
74S181 with a considerable reduction (1/3 to 1/4) in dissi¬ 


pated power. The Am25LS381 and Am25LS2517 combina¬ 
tion provide the OVR function not currently available or 
easily to implement on any '181 configuration. The 20-pin 
package configuration offers at least a 2:1 saving In PC board 
area compared to the '181 24-pin package approach. 
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Am25LS2518 

Quad D Register with Standard and Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 

• Low-power Schottky version of the popular Am2918 and 
Am25S18 

• Four standard totem-pole outputs 

• Four three-state outputs 

• Four D-type flip-flops 

• Second sourced by T. I. as the SN54/74LS388 


RELATED PRODUCTS 

Part No. Description 

Am25S18 Quad D Register 

Am2918 Quad D Register 

Am29LS18 Quad D Low Power Register 

Am29LS2519 Quad D Low Power Register 


LOGIC DIAGRAM 



STANDARD 
' OUTPUTS 


[THREE-STATE 
OUTPUTS 


ORDERING INFORMATION 


Package 

Type 

Temperature 

Range 

Order 

Number 

Molded DIP 

0to-h70“C 

AM25LS2518PC 

Hermetic DIP 

0to+70°C 

AM25LS2518DC 

Chip-Pak 

0to-f70°C 

AM25LS2518LC 

Dice 

dto+70°C 

AM25LS2518XC 

Hermetic DIP 

-55to-f-125‘’C 

AM25LS2518DM 

Hermetic Flat Pak 

-55to-f126°C 

AM25LS2518FM 

Chip-Pak 

-55to+125°C 

AM25LS2518LM 

Dice 

~55to-Hl25°C 

AM25LS2518XM 


FUNCTIONAL DESCRIPTION 

The Am25LS2518 consists of four D-type flip-flops with a 
buffered common clock. Information meeting the set-up and 
hold requirements on the D inputs is transferred to the Q 
outputs on the LOW-to-HIGH transition of the clock. 

The same data as on the Q outputs is enabled the three- 
state Y outputs ^en the “output control" (OE) input is 
LOW. When the OE input is HIGH, the Y outputs are in the 
high-impedance state. 

The Am25LS2518 is a 4-bit, high-speed register intended for 
use in real-time signal processing systems where the standard 
outputs are used in a recursive algorithm and the three-state 
outputs provide access to a data bus to dump the results after 
a number of iterations. 

The device can also be used as an address register or status 
register in computers or computer peripherals. 

Likewise, the Am25LS2518 is also useful In certain display 
applications where the standard outputs can be decoded to 
drive LED's (or equivalent) and the three-state outputs are bus 
organized for occasional interrogation of the data as displayed. 


LOGIC SYMBOL 



1 4 12 15 

1 111 


Dq Di Dj D 3 

9 

CP 

7 -0 

OE 

QO Qi Q2 Q 3 Yo Y, Y2 Y3 


2 5 11 14 3 6 10 13 


Vcc = Pin 16 
GND = Pin 8 


CONNECTION DIAGRAMS 
Top Views 



Note: Pin 1 is marked for orientation. 


9-112 




Am25LS2518 


ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified; 

COM'L Ta = 0°C to+70°C Vcc = 5.0V±5% MIN. = 4.75 V MAX. = 5.25 V 

MIL Ta = -55®C to+125°C Vcc = 5 0V±10% MIN. =4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note i) Min. (Note 2) Max. Units 


VqH 

Output HIGH Voltage 

Vcc = min. 

V|N = V|H or V|L 

Q, I OH " —660mA 

MIL 

2.5 

3.4 


Volts 

COM'L 

2.7 

3.4 


Y 

_ 

MIL, Iqh = -1.0mA 

2.4 

3.4 


COM'L. Iqh = -2.6mA 

2.4 

3.4 


Vql 

Output LOW Voltage 

Vcc = min. 

V|N = V|H or V|L 

•OL " 4.0mA 



0.4 

Volts 

•OL ~ 8.0mA 



0.45 

'OL ~ 12mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc = min., I|m = -18mA 



-1.5 

Volts 

«IL 

Input LOW Current 

Vcc = max., V||v| =p.4V 



-0.36 

mA 

l|H 

Input HIGH Current " 

Vcc = max., V|N = 2.7 V 


. J 

20 

HA 

•l 

Input HIGH Current 

Vcc = max., V||x| = 7.0V 


1 

0.1 

mA 

‘oz 

Off-State (High-Impedance) 
Output Current 

Vcc = max. 

Vq =0.4V 


! 

-20 

iuA 

Vq = 2.4V 


j 

20 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

~15 


-85 

mA 

•cc 

Power Supply Current 
(Note 4) 

Vcc = max. 


17 

28 

mA 


Notes: 1 . For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. I(^Q is measured with ail inputs at 4.5V and all outputs open. 



Am25LS 

MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5 V to +7.0 V 

pc Voltage Applied to Outputs for High Output State 

—0.5 V to +Vcc ftiax- 

DC Input Voltage 

-0.5 V to +7.0 V 

DC Output Current, Into Outputs 

30 mA 

DC Input Current 

—30 mA to +5.0 mA 
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Am25|.S2518 

SWITCHING CHARACTERISTICS 

(Ta =+25''C, Vcc = 5-OV) 


Parameters 

Description 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

tPLH 

Clock to Qj 


18 

27 

ns 


tpHL 


18 

27 


tPLH 

Clock to Yj (OE LOW) 


18 

27 

ns 


tPHL 


18 

27 



Clock Pulse Width 

LOW 

18 



ns 

Cl= 15pF 

^pw 

HIGH 

15 



Rl = 2.0kn 

ts 

Data 

15 



ns 


th 

Data 

5.0 



ns 


tZH 

OE to Yj 

• 

7.0 

11 

ns 


tZL 


8 

12 


tHZ 

SEtoYj 


14 

21 

ns 

Cl = B.OpF 

tLZ 


12 

18 

Rl = 2.0ka 

^max 

Maximum Clock Frequency (Note 1) 

35 

50 


MHz 



Note 1. Per industry convention, f^ax is the worst case value of the maximum device operating frequency with no constraints on t^, tf, 
pulse width or duty cycle. 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

Am25LS COM'L 

Am25LSMIL 

Units Test Conditions 

Ta = 0°C to +70°C 
Vcc = 5.0V ±5% 

Min. Max. 

TA-“55°Cto +125°C 
Vcc = 5.0V ± 10% 

Min. Max. 

tPLH 

Clock to Qj 


38 


45 

ns 

Cl = 50pF 

Rl = 2.0kQ 

tPHL 


38 


45 

tPLH 

Clock to Yj {OE LOW) 


35 


40 

ns 

tPHL 


35 


40 

*pw 

Clock Pulse Width 

LOW 

20 


20 


ns 

HIGH 

20 


20 


^s 

Data 

15 


15 


ns 

th 

Data 

5.0 


5.0 


ns 

tZH 

OE to Yj 


15 


17 

ns 

tZL 


16 

, , .... 

17 

tHZ 

OEto Yj 


27 


30 

ns 

Cl = B.OpF 

Rl “ 2.0kfi 

tLZ 


24 


30 

tmax 

Maximum Clock Frequency (Note 1) 

30 


25 


MHz 



*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS2518 


DEFINITION OF FUNCTIONAL TERMS 

Dj The four data inputs to the register. 

Qj The four data outputs of the register with standard 
totem-pole active pull-up outputs. Data is passed non- 
inverted. 

Yj The fdur three-state data outputs of the register. When 
the three-state outputs are enabled, data is passed non- 
inverted. A HIGH on the “output control" input forces the 
Yj outputs to the high-impedance state. 

CP Clock. The buffered common clock for the register. 
Enters data on the LOW-to-HIGH transition. 

OE Output Control. When the ^ input is HIGH^the Yi 
outputs are in the high-impedance state. When the OE input 
is LOW, the TRUE register data is present at the Yj outputs. 


TRUTH TABLE 


INPUTS 

OUTPUTS 

NOTES 

OE 

CLOCK 

CP 

D 

Q 

Y 

H 

L 

X 

NC 

Z 

_ 

H 

H 

X 

NC 

Z 

- 

H 

t 

L 

L 

z 

— 

H 

t 

H 

H 

z 

_ 

L 

t 

L 

L 

L 

— 

L 

t 

H 

H 

H 

— 

L 

- 

- 

L 

L 

1 

L 

- 

- 

H 

H 

1 


L = LOW 
H = HIGH 
X = Don't care 


NC = No change 
t = LOW to HIGH transition 
Z = High impedance 


Note: 1. When OE is LOW, the Y output will be in the same logic 
state as the Q output. 


Metallization and Pad Layout 


Qo 


Yo 

Di 

Qi 

Yl 

OE 

GND 



DIE SIZE 0.083" X 0.099" 


Am25LS 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 
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Am25LS2519 

Quad Register with Two Independently Controiied Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 

• Two sets of fully buffered three-state outputs 

• Four D-type flip-flops 

• Polarity control on W outputs 

• Buffered common clock enable 

• Buffered common asynchronous clear 

• Separate buffered common output enable for each set of 
outputs 


RELATED PRODUCTS 


Am25S18, Am2918 
Am25LS2518 


Description 

Quad D Register 
Quad D Register 


FUNCTIONAL DESCRIPTION 

The Am25LS2519 consists of four D-type flip-flops with a 
buffered common clock enable. Information meeting the 
set-up and hold time requirements of the D inputs is trans¬ 
ferred to the flip-flop outputs on the LOW-to-H IGH transition 
of the clock. Data on the Q outputs of the flip-flops is enabled 
at the three-state outputs when the output control (OE) input 
is LOW. When the appropriate OE input is HIGH, the outputs 
are in the high impedance state. Two independent sets of 
outputs - W and Y - are provided such that the register can 
simultaneously and Independently drive two buses. One set of 
outputs contains a polarity control such that the outputs can 
either be inverting or non-inverting. 

The device also features an active LOW asynchronous clear. 
When the clear input is LOW, the Q output of the internal 
flip-flops are forced LOW independent of the other inputs. 
The Am25LS2519 is packaged In a space saving (0.3-inch row 
spacing) 20-pin package. 





ORDERING INFORMATION 


Package 

Temperature 

Order 

Type 

Range 

Number 


Molded DIP 
Hermetic DIP 
Chip-Pak 
Dice 

Hermetic DIP 
Hermetic Flat-Pak 
Chip-Pak 
Dice 


0to+70°C 
0to-F70°C 
0to+70°C 
0 to +70°C 
-55to+125°C 
-55to-Kl25°C 
-55to-h125°C 
-55to-h125°C 


AM25LS2519PC 

AM25LS2519DC 

AM25LS2519LC 

AM25LS2519XC 

AM25LS2519DM 

AM25LS2519FM 

AM25LS2519LM 

AM25LS2519XM 







- 

12 

^2 

CONNECTION DIAGRAMS - Top Views 






















Am25LS2519 

Am25LS2519 

ELECTRICAL CHARACTERISTICS 

The Following Conditions.Apply Unless Otherwise Specified: 

COM'L Ta = 0°C to+70°C Vqc = 5.0V ±5% MIN. = 4.75 V MAX. = 5.25 V 

MIL Ta =-55°C to+125°C Vcc = 5-0V±10% MIN.=4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 


Parameters Description Test Conditions (Note 1 ) Min. (Note 2 ) Max. Units 


— 

VqH 

Output HIGH Voltage 

Vcc = MIN. 

V|N = V|H or V|L 

MIL, Iqh =-1 OfTiA 

2.4 

3.4 


Volts 

COM'L, Iqh “ —2.6mA 

2.4 

3.4 


Vql 

Output LOW Voltage 

Vcc = MIN. 

ViN = V|H or V|L 

•OL 



0.4 

Volts 

•OL 8.0mA 



0.45 

•OL 12mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vqq = MIN., Iji^j = —18mA 



-1.5 . 

Volts 

•IL 

Input LOW Current 

Vcc = max., V|n =0.4V 



-0.36 

mA 

•iH 

Input HIGH Current 

Vcc = max., V|N = 2.7 V 



20 

UA 

h 

Input HIGH Current 

Vcc = max., V|N = 7.0V 



0.1 

mA 

•oz 

Off-State (High-Impedance) 
Output Current 

Vcc = max. 

Vo = 0.4 V 



-20 

HA 

Vo = 2.4 V 



20 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-85 

mA 

•cc 

Power Supply Current 
(Note 4) 

Vcc = max. 

MIL 


24 

36 

mA 

COM'L 


24 

39 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqc = 5.0 V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Inputs grounded; outputs open. 


Am25LS 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5 V to +7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5 V to +Vcc fTiax. 

DC Input Voltage 

-0.5 V to +7.0 V 

DC Output Current, Into Outputs 

30 m A 

DC Input Current 

—30 mA to +5.0 mA 
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Am25LS2519 


SWITCHING CHARACTERISTICS 

(Ta = +25°C, Vcc = 5.0V) 


Parameters 

Description 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

^HL 

Clock to Yj 


22 

33 

ns 


%»HL 


20 

30 


*PLH 

Clock to Wj 



24 

36 

ns 


Vhl 

(Either Polarity) 



24 

36 


tPHL 

Clear to Yj 


29 

43 

ns 


<PLH 

Clear to Wj 


25 

37 



*PHL 


30 

45 



^LH 

Polarity to Wj 


23 

34 



*PHL 


25 

37 


Cj. = 15pF 

*pw 

Clear 

18 



ns 

R|_ = 2.0kn 


Clock Pulse Width 

LOW 

15 



ns 


*pw 

HIGH 

18 




ts 

Data 

15 



ns 


th 

Data 

5 



ns 


ts 

Data Enable 

20 



ns 


th 

Data Enable 

0 



ns 


ts 

Set-up Time, Clear 

Recovery (Inactive) to Clock 

20 

15 


ns 



Output Enable to W or Y 


n 

17 



t^L 


13 

20 



tHZ 

Output Enable to W or Y 


13 

20 

ns 

Cl = 5.0pF 

ttz 


11 

17 

Rl = 2.0kD 

tmax 

Maximum Clock Frequency (Note 1 ) 

35 

45 

1 

_ 

MHz 

Cl = 15pF 

Rl = 2.0kn 


Note 1. Per industry convention, fmax's the worst case value of the maximum device operating frequency with no constraints on tr, tf, 
pulse width or duty cycle. 


SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE* 

Parameters Description 

Am25LS COM'L 

Am25LS MIL 

Units Test Conditions 

Ta = OX to +70°C 
Vcc = 5.0V ±5% 
Min. Max. 

Ta = -55X to +125X 
Vcc = 5.0V ±10% 
Min. Max. 

^LH 

Clock to Yj 


39 


42 

ns 

Cl = 50pF 

Rl = 2.0kn 

tpHL 


39 


45 

^LH 

Clock to Wj 
(Either Polarity) 


41 


43 

ns 

^HL 


44 


48 

^HL 

Clear to Yj 


52 


58 

ns 

^LH 

Clear to Wj 


42 


43 

ns 

tpHL 


51 

— 

53 

^LH 

Polarity to Wj 


41 


45 

ns 

^HL 


42 


44 

^pw 

Clear 

20 


20 


ns 

*pw 

Clock 

LOW 

20 


20 


ns 

HIGH 

20 


20 


ts 

Data 

15 


15 


ns 

th 

Data 

10 


10 


ns 

ts 

Data Enable 

25 


25 


ns 

th 

Data Enable 

0 


0 


ns 

ts 

Set-up Time, Clear 

Recovery (Inactive) to Clock 

23 


24 


ns 


Output Enable to Wj or Yj 


24 


27 

ns 

tZL 


29 


35 

tHZ 

Output Enable to Wj or Yj 


33 


45 

ns 

Cl = B.OpF 

Rl = 2.0kft 

tLZ 


22 


26 

tmax 

Maximum Clock Frequency (Note 1) 

30 


25 


MHz 

Cl = 50pF 

Rl = 2.0kft 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25U2519 


FUNCTION TABLE 


FUNCTION 

INPUTS 

INTERNAL 

OUTPUTS 

CP 

Di 

I 

CLR 

POL 

OE-W 

OE-Y 

Q 

Wj 

Yi 

Output Three-State Control 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

H 

L 

H 

L 

L 

H 

H 

L 

NC 

NC 

NC 

NC 

z 

Enabled 

Z 

Enabled 

Enabled 

Z 

Z 

Enabled 

Wj Polarity 

X 

X 

X 

X 

X 

X 

X 

X 

L 

H 

L 

L 

L 

L 

NC 

NC 

Non-Inverting 

Inverting 

Non-Inverting 

Non-Inverting 

Asynchronous Clear 

X 

X 

X 

X 

X 

X 

L 

L 

L 

H 

L 

L 

L 

L 

L 

L 

L 

H 

L 

L 


t 

X 

H 

H 

X 

X 

X 

NC 

NC 

NC 


t' 

L 

L 

H 

L 

L 

L 

L 

L 

L 

Clock Enabled 

t 

L 1 

L 

H 

H 

L 

L 

L 

H 

L 


t 

H 

L 

H 

L 

L 

L 

H 

H 

H 


t 

H 

L 

H ■ 1 

H 

L 

L 

H 

L 

H 


L = LOW X = Don't Care 

H = HIGH NC = No Change 

Z = High Impedance t = LOW to HIGH Transition 


DEFINITION OF FUNCTIONAL TERMS 

Dj Any of the four D flip-flop data lines. 

E Clock Enable. When LOW, the data is entered 

into the register on the next clock LOW-to- 
HIGH transition. When HIGH, the data In the 
register remains unchanged, regardless of the 
data In. 

CP Clock Pulse. Data is entered into the register on 

the LOW-to-HIGH transition. 

OE-W, OE-Y Output Enable. When OE is LOW, the register 
is enable to the output. When HIGH, th e out- 
put is in the high-impedance state. The OE-W 
controls the W set of outputs, and OE-Y 
controls the Y set. 

Yj Any of the four non-inverting three-state out¬ 

put lines. 

Wj Any of the four three-state outputs with polarity 

control. 

POL Polarity Control. The Wj outputs will be non¬ 

inverting when POL is LOW, and when it is 
HIGH, the outputs are inverting. 

CLR Asynchronous Clear. When CLR is LOW, the 

internal Q flip-flops are reset to LOW. 


Am25LS 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



Note; Actual current flow direction shown. 
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Am25LS2519 


APPLICATION 



Convenient Register Content Monitor or Test Point 
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Am25LS2520 

Octal 0»Type Flip-Flop with Clear, Clock Enable and Three-State Control 


DISTINCTIVE CHARACTERISTICS 

• Buffered common clock enable input 

• Buffered common asynchronous clear input 

• Three*state outputs 

• 8-bit, high-speed parallel register with positive edge-triggered, 
D'type flip-flops 

• Am25LS Family offers Improved sink current, source 
current and noise margin 


RELATED PRODUCTS 

Part No. 

Description 

Am25S18 

Quad D Register 

Am2920 

Octal D-Type Flip-Flop 

Am2954/5 

Octal D Registers 



FUNCTIONAL DESCRIPTION 

The Am25LS2520 is an 8-bit register built using advanced 
Low-Power Schottky technology. The register consists of 
eight D-type flip-flops with a buffered common clock, a 
buffered common clock enable, a buffered asynchronous clear 
Input, and three-state outputs. 

When the clear input Is LOW, the internal flip-flops of the 
register are reset to logic 0 (LOW), Independent of all other 
inputs. When the clear input is HIGH, the register operates in 
the normal fashion. 

When the three-state output enable (OE) input is LOW, the 
Y outputs are enabled and appear as normal TTL outputs. 
When the output enable (OE) input is HIGH, the Y outputs 
are in the high Impedance (three-state) condition. This does 
not affect the internal state of the flip-flop Q output. 

The clock enable input (E)_is used to selectively load data 
Into the register. When the E in^jt is HIGH, the register will 
retain Its current data. When the E Is LOW, new data is entered 
into the register on the LOW-to-HIGH transition of the clock 
input. 

This device is packaged in a space-saving (0.4-inch row spacing) 
22-pin package and in a 24-pin flatpack. 


CONNECTION DIAGRAMS - Top Views 
D-22,P-22 




Leadless ( 
L-J 


Note: Pin 1 is marked for orientation ‘Reserved - do not 
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Am25LS2520 


ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified; 

COM'L Ta = 0°C to +70°C Vcc = 5.0V±5% MIN. = 4.75 V MAX. = 5.25V 

MIL =-55°C to +125°C Vcc = 5.0V±10% MIN. = 4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note i) Min. (Note 2 ) Max. Units 


VOH 

Output HIGH Voltage 

Vcc = MIN- 
V|N = V|H or V|L 

MIL, Iqh =-1-0rnA 

^.4 

3,4 


Volts 

COM'L, Iqh = -2.6mA 

2.4 

3.4 


VOL 

Output LOW Voltage 

Vcc = min. 

V|N = V|H or V|L 

•OL “ 4.0mA 



0.4 

Volts 

— 

lOL " 8.0mA 



0.45 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM'L 

_ 

. .. 

0.8 

V( 

Input Clamp Voltage 

Vcc = min., I|N =-18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max., V||vj =0.4V 

■ 


-0.36 

mA 

hH 

Input HIGH Current 

Vcc = max., V||vj =2.7V 



20 

IjlA 

h 

Input HIGH Current 

Vcc = max., V(N =7.0V 



0.1 

mA 

•o 

Off-State (High-Impedance) 
Output Current 

Vcc = max. 

Vo=0.4V 



-20 

mA 

Vq =2.4V 



20 

'sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-85 

mA 

•cc 

Power Supply Current 
(Note 4) 

Vcc = max. 


24 

37 

mA 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at V^Q = 5.0 V, 25°C ambient and maximum loading. 

3. Not more than one output should be\shorted at a time. Duration of the short circuit test should not exceed one second. 

4. All outputs open; E = GND, Di inputs = CLR = OE = 4.5V. Apply momentary ground, then 4.5V to clock input. 
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Am25LS 

MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5 V to+7.0 V 

DC Voltage Applied to Outputs for High Output State 

-0.5 V to +Vcc fTiax. 

DC Input Voltage 

-0.5 V to+7.0 V 

DC Output Current, Into Outputs 

30 mA 

DC Input Current 

-30 mA to +5.0 mA 
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Am25LS2520 

SWITCHING CHARACTERISTICS 

(Ta = +25°C, Vcc = 5.0V) 


Parameters 

Description 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

<PLH 

Clock to Yj {OE LOW) 


18 

27 

ns 

■ 

■ 

<PHL 


24 

36 


^PHL 

Clear to Y 


-22 

35 

ns 


ts 

Data (Dj) 

10 

3 


ns 


th 

Data (Dj) 

10 

3 


ns 



Enable (E) 

Active 

15 

10 


ns 



Inactive 

20 

12 


Cl = 15pF 

Rl = 2.0kn 

th 

Enable (E) 

0 

0 


ns 

ts 

Clear Recovery (In-Active) to Clock 

11 

7 


ns 



Clock 

HIGH 

20 

14 


ns 


tpw 

LOW 

25 

13 



tpw 

Clear 

20 

13 

1 


ns 


tzH 

OE to Yj 


9 

13 

ns 


tZL 


14 

21 


tHZ 

OE to Yj 

1 

20 

30 

ns 

Cl = 5.0pF 

tLZ 


24 

36 

RL = 2.0kn 

tmax 

Maximum Clock Frequency (Note 1) 


40 


MHz 



Note 1. Per industry convention, fmax the worst case value of the maximum device operating frequency with no constraints on t^, tf, pulse 
width or duty cycle. 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

Am25LS COM'L 

Am25LSMIL 

Units Test Conditions 

Ta = 0°C to +70°C 
Vcc = 5.0V ± 5% 

Min. Max. 

TA = -55°Cto+125°C 
Vcc =* 5.0V ± 10% 

Min. Max. 


Clock to Yj (OE LOW) 


33 


39 

ns 

Cl = 50pF 

RL = 2,0kn 



45 


54 

tpHL 

Clear to Y , 


43 


51 

ns 

ts 

Data (Dj) 

12 


15 


ns 

th 

D^ta (Dj) 

12 


15 


ns 

ts 

Enable (E) 

Active 

17 


20 


ns 

Inactive 



23 


th 

Enable (E) 

0 


0 


ns 

ts 

Clear Recovery (In-Active) to Clock 



15 


ns 

tpw 

Clock 

HIGH 

25 


30 


ns 

LOW 

30 


35 


tpw 

Clear 

22 


25 


ns 

tZH 

OE to Yj 


19 


25 

ns 





39 

tHZ 

OE to Yj 


35 


40 

ns 

Cl = 5.0 pF 

Rl = 2.0 kn 

tLZ 


39 


42 


Maximum Clock Frequency (Note 1) 

25 


20 


MHz 



*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS2520 


DEFINITION OF FUNCTIONAL TERMS 

Dj The D flip-flop data inputs. 

CLR When the clear Input is LOW, the Qj outputs are 
LOW, regardless of the other Inputs. When the 
clear input is HIGH, data can be entered into the 
register. 

CP Clock Pulse for the Register; enters data into the 

register on the LOW-to-HIGH transition. 

Yj The register three-state outputs. 

E Clock Enable, When the clock enable is LOW, 

•data on the Dj input is transferred to the Qj 
output on the LOW-to-HIGH clock transition. 
When the clock enable is HIGH, the Qj outputs 
do not change state, regardless of the data or clock 
input transitions. 

OE Output Control. When the OE input is HIGH, 

the Yj outputs are in the high impedance state. 
When the OE input is LOW, the TRUE register 
data is present at the Yj outputs. 


FUNCTION TABLE 



Inputs 

Internal 

Outputs 

Function 

OE 

CLR 

E 

Di 

CP 

Qi 

Yi 

Hi-Z 

H 

X 

X 

X 

X 

X 

z 

Clear 

H 

L 

X 

X 

X 

L 

z 


L 

L 

X 

X 

X 

L 

L 

Hold 

H 

H 

H 

X 

X 

NC 

z 

I 

I 

L 

H 

H 

X 

X 

NC 

NC 

Load 

H 

H 

L 

L 

t 

L 

Z 


H 

H 

L 

H 

t 

H 

.z 


L 

H 

L 

L 

t 

L 

L 


L 

H 

L 

H 

t 

H 

H 


H = HIGH 
L = LOW 
X = Don't Care 


NC = No Change 
t = LOW-to-HIGH Transition 
Z = High Impedance 


LOGIC SYMBOL 


3 4 7 8 13 14 17 18 



Vcc = Pin 22 


Am25LS 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


GND = Pin 11 


Metallization and Pad Layout 



CUR 1 - 
Yo 2- 


Dq 3- 
Di 4 - 
Yi 5- 

Y2 6- 
D2 7 - 
D3 8 - 

Y3 9- 


CP 10- 

GND 11- 


-22 Vcc 
- 21 E 




- 19 Y7 

- 18 Dy 

■ 17 De 

- 16 Yg 

-15 Yg 

- 14 Dg 


Note: Actual current flow direction shown. 


DIE SIZE 0.080" X 0.111" 
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Am25LS2520 


ORDERING INFORMATION 


Package 

Type 

Temperature 

Range 

Order 

Number 

Molded DIP 

0to+70°C 

AM25LS2520PC 

Hermetic DIP 

oto+7orc 

AM25LS2520DC 

Chip-Pak 

0to-f-70“C 

AM25LS2520LC 

Dice 

0to-l-70°C 

AM25LS2520XC 

Hermetic DIP 

-55to-Hl25°C 

AM25LS2520DM 

Hermetic Flat Pack 

-55to+125°C 

AM25LS2520FM 

Chip-Pak 

-55to+125°C 

AM25LS2520LM 

Dice 

-55to+125°C 

AM25LS2520XM 


APPLICATIONS 


16 BIT DATA BUS 


INSTRUCTION REGI! 


MAPPING PROM 



56-BIT PIPELINE REGISTER 

A typical Computer Control Unit for a microprogrammed machine. 



The Am25LS2520 Is a useful device in interfacing with the Am9080A system buses. 
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Am25LS2521 

Eight"Bit Equahto Comparator 


DISTINCTIVE CHARACTERISTICS 

• 8 -bit byte oriented equal comparator 

• Cascadable using E|[\| 

• High-speed, Low-Power Schottky technology 

• tpd A« B to EquT 9ns 

• Standard 20-pin package 


RELATED PRODUCTS 


Am29806 

Am29809 


Description 


Chip Select Decoder 
9-Bit Comparator 


FUNCTIONAL DESCRIPTION 

The Am25LS2521 is an 8 -bit "equal to" comparator capable 
of comparing two 8 -bit words for "equal to" with provision 
for expansion or external enabling. The matching of the two 
8 -bit inputs plus a logic LOW on the E||\j produces an active 
LOW on the output EouT- 

The logic expression for the device can be expressed as: 
EQUT= (AqOBq) (Ai© Bi) (A2©B2) (AsOBs) (A 4 ©B 4 ) 
(A 5 © B 5 ) (Ay© By) E|(\|. It is obvious that the expression is 
valid where Aq — Ay and Bq — By are expressed as either 
assertions or negations. This is also true for pair of terms i.e. 
can be compared with Bn at the same time Ai Is compared 

















Am25LS2521 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM'L Ta = 0°c to+70°C \/cc = 5.0V±5% MIN. = 4.75 V MAX. = 5.25 V 

MIL Ta =-55'’C to+125°C Vqc = 5.0V ±10% MIN. = 4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note i) Min. (Note 2 ) Max. Units 


Vqh 

Output HIGH Voltage 

Vcc = MIN. . . 

OH = -440mA 

V,N = V,HorV,u 

MIL 

2.5 



Volts 

COM'L 

2.7 



vql 

Output LOW Voltage 

Vcc = MIN. 

V|N = V|H or V|L 

•OL " 4.0mA 



0.4 

Volts 

•OL " 8.0mA 



0.45 

Iql ~ 12mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

VqC ~ min,, I||\| = —18mA 



-1.5 

Volts 

«IL 

Input LOW Current 

Vcc = max., V||vj = 0.4 V 

Ai, Bi 



-0.36 

mA 

E 



-0.72 

«IH 

Input HIGH Current 

Vcc = MAX., V|n=2.7V 

Ai,Bi 



20 

• 

juA 

E 



40 

h 

Input HIGH Current 

Vcc = max., V|n = 7.0V 

Aj, Bj 



0.1 

mA 

E 



0.2 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-85 

mA 

•cc 

Power Supply Current 
(Note 4) 

Vcc = max. 


27 

40 

mA 


Notes; 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. E = GND, all other inputs and outputs open. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150''C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State 

—0.5V to +Vcc 

DC Input Voltage 

-0.5V to +7.0V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

—30mA to +5.0mA 
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Am25LS2521 

SWITCHING CHARACTERISTICS 

(Ta = +25° C, Vcc = 5.0V) 


Parameters 

Description 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

*PLH 

Aj or Bj to Equal 


9 

15 

ns 


*PHL 


9 

15 

Cl = i5pF 

*PLH 

E to Equal 


5 

7 

ns 

Rl = 2.0kn 

tPHL 


6 

8 



SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE * 

Parameters Description 

Am25LS COM'L 

Am25LS MIL 

Units Test Conditions 

Ta = OX to +70X 
Vcc = 5.0V ±5% 
Min. Max. 

Ta = -55X to -h125X 
Vcc = 5.0V ±10% 
Min. Max. 

tPLH 

Aj or Bj to 

Equal Output 


20 


22 

ns 

Cl = 50pF 

Rl = 2 . 0 kn 

tpHL 


19 


21 

*PLH 

E to Equal Output 


10.5 


12 

ns 

tPHL 


12.5 


15 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


DEFINITION OF FUNCTIONAL TERMS 

A 0 -A 7 A input to comparator 

B 0 -B 7 B input to comparator 

E|n Enable active LOW 

Eout equal output active LOW 


METALLIZATION AND PAD LAYOUT 


E|N 1 
Ao 2 


Bo 3 
Ai 4 

Bt 5 

A 2 6 

B 2 7 
A3 8 

B 3 9 


20 Vqc 
19 Equt 
18 By 

17 Ay 

16 Be 
15 Ag 
14 Bg 
13 Ag 

12 B4 

11 A4 
10 GND 



Am25LS 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



DIE SIZE 0.068" X 0.058" 


Note: Actual current flow direction shown. 
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Am25LS2521 


APPLICATION 



MAX. ENABLE (HIGH-to-LOW) DELAY 
OVER16-BITS 
(Commercial Range) 


tpHL 

Aj or Bj 
to Equt 

19ns 

*PHL 

- llN to 
^OUT 

12.5ns 

Total 

31.5ns 


MICROPROCESSOR ENABLE CONTROLLED, 
SELECTABLE, ADDRESS DECODER 


ORDERING INFORMATION 


Package 

Type 

Temperature 

Range 

Order 

Number 

Molded DIP 

0to-l-70°C 

AM25LS2521PC 

Hermetic DIP 

oto+7o°e 

AM25LS2521DC 

Dice 

0to+70°C 

AM25LS2521XC 

Chip-Pak 

0to+70X 

AM25LS2521LC 

Hermetic DIP 

-55to+125°C 

AM25LS2521DM 

Hermetic Flat-Pak 

-55to+125°C 

AM25LS2521FM 

Dice 

-55to+125°C 

AM25LS2521XM 

Chip-Pak 

-55to+125°C 

AM25LS2521LM 
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Am25LS2535 

Eight Input Multiplexer with Control Register 


DISTINCTIVE CHARACTERISTICS 

• High speed eight-input multiplexer 

• On-chip Multiplexer Select and Polarity Control Register 

• Output polarity control for inverting or non-inverting 
output 

• Common register enable 

• Asynchronous register clear 

• Three-state output for expansion 

• Am25LS features improved noise margin, higher drive, and 
faster operation 


FUNCTIONAL DESCRIPTION 

The Am25LS2535 is an eight-input Multiplexer with Control 
Register. The device features high speed from clock to output 
and is intended for use in high speed computer control units 
or structured state machine designs. 

The Am25LS2535 contains an internal register which holds 
the A, B and C multiplexer select lines as well as the POL 
(polarity) control bit. When the Register Enable input (RE) is 
LOW, new data is entered into the register on the LOW-to- 
HIGH, transition of the clock. When RE is HIGH, the register 
retains its current data. An asynchronous clear input (CLR) Is 
used to reset the register to a logic LOW level. 

The A, B and C register outputs select one of eight multiplexer 
data inputs. A HIGH on the Polarity Control flip-flop output 
causes a true (non-inverting) multiplexer output, and a LOW 
causes the output to be inverted. In a computer control unit, 
this allows testing of either true or complemented flag data at 
the microprogram sequencer test input. 

An active LOW Multiplexer Enable input (ME) allows the se¬ 
lected multiplexer input to be passed to the output. When ME 
is HIGH, the output is determined only by the Polarity Control 
bit. 

The Am25LS2535 also features a three-state Output Enable 
control (OE) f or ex pansion. When OE is LOW, the output Is 
enabled. When OE is HIGH, the output is in the high imped¬ 
ance state. 


LOGIC DIAGRAM 





(!) 

t 


RELATED PRODUCTS 


Description 

8 Input Multiplexer 
8 Input Multiplexer 


CONNECTION DIAGRAMS - Top Views 

Leadless Chip Carrier 
L-20-1 


ORDERING INFORMATION 




Package 

Type 


Molded DIP 
Hermetic DIP 
Chip-Pak 
Dice 

Hermetic DIP 
Hermetic Flat Pack 
Chip-Pak 
Dice 


Temperature 

Range 

0 to -i-70°C 
0to+70°C 
0 to +70°C 
Oto +70°C 
-55 to -M25°C 
-55 to+125°C 
-55to+125°C 
-55to+125°C 


Order 

Number 

AM25LS2535PC 

AM25LS2535DC 

AM25LS2535LC 

AM25LS2535XC 

AM25LS2535DM 

AM25LS2535FM 

AM25LS2535LM 

AM25LS2535XM 


Note; Pin 1 is marked for orientation. 
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Am25LS2535 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM'L Ta = 0°C to+70°C Vqc = 5.0V±5% MIN. = 4.75 V MAX. = 5.25 V 

MIL Ta =-55°C to+125°C Vcc = 5.0V±10% MIN. = 4.50V MAX. = 5.50 V 

DC CHARACTERISTICS OVER OPERATING RANGE 


Parameters 

Description 

Test Conditions (Note i) 


Min. 

(Note 2) 

Max. 

Units 

VqH 

Output HIGH Voltage 

Vcc = MIN. 

MIL, Iqh = -2.0mA 

2.4 

3.4 


Volts 

V|N = V|H or V|L 

COM'L, Iqh = 

-6.5mA 

2.4 

3.2 




Vcc = min. 

V|N * V|H or V|L 

•OL = 4.0mA 



0.4 


Vql 

Output LOW Voltage 

•OL “ 8.0mA 



0.45 

Volts 



Iql ~ 20mA 



0.5 


V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 

MIL 



0.7 

Volts 

voltage for all inputs 


COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc = MIN., I||V| -- 

18mA 




-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = MAX., 

ME,OE,RE 



-0.72 

mA 

ViiM =0.4V 

D|V|, A, B,C, POL, CP,CLR 



-2.0 

•IH 

Input HIGH Current 

Vcc = max.. 

i^, OE, RE 



40 

fxA 

V|n=2.7V 

□m. A, B,C, POL, CP, CLR 



50 

•l 

Input HIGH Current 

Vcc = max.. 

ME, Of, RE" 



0.1 

mA 

V|N =5.5V 

□n. A, B, C, POL, CP, CLR 



1.0 

'oz 

Off-State (High-Impedance) 

Vcc = max. 

Vo = 0.4 V 



-50 

mA 

Output Current 

Vo = 2.4 V 



50 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-40 


-100 

mA 

•cc 

Power Supply Current 
(Note 4) 

Vcc = max. 


i 

97 

148 

mA 


Notes:. 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at yQ.Q = 5.0V, 25^*0 ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. D-i —D 7 , A, B, C, POL, 1^, CLR at GND. All other inputs and outputs open. 

Measured after a momentary ground then 4.5 V applied to clock input. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5V to +Vcc oiax- 

DC Input Voltage 

-0.5V to +5.5V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

—30mA to +5.0mA 
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Am25LS2535 


SWITCHING CHARACTERISTICS 

(Ta = +25°C, Vcc = 5.0V) 


Parameters 

Description 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

tpLH 

Clock to Y POL - LOW 


21 

32 



tpHL 


19 

29 



*PLH 

Clock to Y POL - HIGH 


16 

24 



*PHL 


19 

29 



tpLH 

On to Y 


10 

16 



tpHL 


13 

19 



tpLH 

^ to Y 


22 

33 


Cl = l5pF 

^PHL 


22 

33 


Rl = 2 .0ka 

tpLH 

^to Y 


12 

18 

ns 


tpHL 


12 

18 


tZL 



8 

14 

ns 


tZH 

OEto Y 


8 

14 


^LZ 


10 

17 


Cl = 5.0pF 

*HZ 



10 

17 


Rl = 2 .0ka 


A, B, C, POL 

10 





‘s 


15 





ts 

CLR Recovery 

5 



ns 

Cl = l5pF 

t 

Clock 

10 




Rl = 2 .0kO 

'pw 

Clear (LOW) 

10 





th 

A, B, C, POL, M 

0 



j ns 



SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE* 

Parameters Description 

Am25LS COM'L 

Am25LS MIL 

Units Test Conditions 

Ta = OX to +70X 
Vcc = 5.0V ±5% 
Min. Max. 

Ta = -55°C to +125X 
Vcc = 5.0V ±10% 
Min. Max. 

tpLH 

Clock to Y, POL-L 


40 


47 


Cl = 50pF 

Rl = 2 .0ka 

tpHL 


34 


38 

*PLH 

Clock to Y, POL-H 


29 


33 


tpHL 


35 


41 

tpLH 

Dn to Y 


19 


21 


*PHL 


22 


24 

*PLH 

^to Y 


39 


45 


tpHL 


39 


45 

^PLH 

i^to Y 


22 


26 


'PHL 


19 


20 

tZL 

OEto Y 


19 


24 


*ZH 


22 


29 

tLZ 

OE to Y 


24 


30 



tHZ 


24 


30 

ts 

A, B, C POL 

11 


12 





18 


20 


ts 

CLR Recovery 

6 


7 


ns 

tpw 

Clock 

11 


12 


ns 

Ci^ (LOW) 

,11 


12 


tH 

A, B, C, POL,]^ 

3 


3 


ns 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 










Am2SLS2535 


FUNCTION TABLE 


MODE 


INPUTS 


C B A POL RE CLR CP 


INTERNAL 


Qc Qb Qa QPOL 


INPUTS 


ME OE 


OUTPUT 


Clear 




I M 1 


H L 

L L 

X H 


H 

Do 


Reg. Disable 


NC NC NC 


NC 


Dj/Dj 
(Note 1) 


Select 

(Multiplex) 


L/H 


L/H 


Dq/Dq 

Di/Di 

D2/D2 

D3/D3 

D4/D4 

D 5 /D 5 

D0/D0 

D7/D7 


Multiplexer 

Disable 


L 

H 


Tri-state 

Output 

Disable 


NC = No Change 
X = Don't Care 


Note 1 : The output will follow the selected input, Dj, or its complement depending on the state of the POL flip-flop. 


DEFINITION OF FUNCTIONAL TERMS 

A, B, C Multiplexer Select Lines. One of eight multiplexer 
data inputs is selected by the A, B and C register 
outputs. 

POL Polarity Control Bit. A HIGH register output causes 
a true (non-inverted) output and a LOW causes the 
output to be inverted. 

Ml Multiplexer Enable. When LOW, it enabled the 
8 -input multiplexer. When HIGH, the Y output is 
determined by only the Polarity Control bit. 

RE Register Enable. When LOW, the Multiplexer Select 

and Polarity Control Register is enabled for loading. 
When HIGH, the register holds its current data. 


CLR Clear. A LOW asynchronously resets the Multiplexer 
Select and Polarity Control Register. 

Di-Ds Data Inputs to the 8-input multiplexer. 

CP Clock Pulse. When RE is LOW, the Multiplexer 

Select and Polarity Control Register changes state 
on the LOW-to-HIGH transition of CP. 

OE Output Enable. When LOW, the output is enabled. 

When HIGH, the output is in the high impedance 
state. 

Y The chip output. 


LOGIC SYMBOL 

1 19 18 17 14 13 12 11 



Vcc “ 20 

GND= Pin 10 
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Am25LS 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


Metallization and Pad Layout 


Am25LS2535 



APPLICATION 


INSTRUCTION 
INPUTS 
FROM PIPELINE 
REGISTER 



A versatile one-of-sixteen Test Select with Polarity Control and Test Select Hold. 
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Am25LS2536 

Eight-Bit Decoder with Controi Storage 


DISTINCTIVE CHARACTERISTICS 


FUNCTIONAL DESCRIPTION 


• 8-bit d^coder/demultiplexer with control storage 

• 3-state outputs 

• Common clock enable 

• Common clear 

• Polarity control 

• Advanced Low Power Schottky Process 


RELATED PRODUCTS 

Part No. Description 


The Am25LS2536 is an eight-bit decoder with control stor¬ 
age. It provides a conventional 8-bit decoder function with 
two enable Inputs which may also be used for data input. 
This can be used to implement a demultiplexer function. In 
addition, the exclusive "OR" gate allows for polarity control 
of the selected output. The 3-state outputs are enabled by a 
LOW on the (OE) output enable. 

The three control bits representing the output selection and 
the single bit polarity control are stored in "D" type flip-flops. 
These flip-flops have both Clear, Clock, and Clock Enable 
functions provided. The Gi and G 2 input provide either polar¬ 
ity for input control or data. 


Am25LS2537 

Am25LS2538 

Am25LS2539 

Am25LS2548 

Am2921 

Am2924 


1 of 10 Decoder 
1 of 8 Decoder 
Dual 1 of 4 Decoder 
Chip Select Address Decoder 
1 of 8 Decoder 

3 to 8 Line Decoder/Demultiplexer 


LOGIC DIAGRAM 

8-Blt Decoder/Demultiplexer with Control Storage 



CONNECTION DIAGRAMS ~ Top Views 

Leadless Chip Carrier 



Note: Pin 1 is marked for orietitation. 


ORDERING INFORMATION 


Package 

Type 

Temperature 

Range 

Order 

Number 

Molded DIP 

0to+70°C 

AM25LS2536PC 

Hermetic DIP ’ 

Oto +70°C 

AM25LS2536DC 

Chip-Pak 

0 to +70°C 

AM25LS2536LC 

Dice 

0to+70°C 

AM25LS2536XC 

Hermetic DIP 

-55to+125°C 

AM25LS2536DM 

Hermetic Flat-Pak 

-55to+125°C 

AM25LS2536FM 

Chip-Pak 

-55 to+125°C 

AM25LS2536LM 

Dice 

-55to+125°C 

AM25LS2536XM 


9-136 









Am25LS2536 


ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM'L = 0°C to +70°C Vcc = 5.0V±5% MIN. = 4.75 V MAX. -5.25 V 

MIL =-55°C to +125“C Vq^- 5.0 V ±10% MIN.-4.50V MAX. -5.50V 


DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note i) Min. (Note 2 ) Max. Units 


VqH 

Output HIGH Voltage 

Vqc = MIN. 

V(N = V(H or V|L 

Iqh = - 2.6mA, COM'L 

2.4 

3.2 


Volts 

•oh ~ .0mA, Ml L 

2.4 

3.4 


VoL 

_ 

Output LOW Voltage 

Vcc = MIN. 

V|N = V|H or V|L 

Iql = 24mA, COM'L 


0.4 

0.5 

Volts 

Iql = 12mA, MIL 


0.35 

0.4 

VlH 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for aii inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vqc = min., I in = --18mA 



-1.5 

Volts 

•IL 

Input LOW Current 

Vcc = max., V|n - 0.4 V 



-0.4 

mA 

•iH 

Input HIGH Current 

Vcc = max., V|n = 2.7 V 



20 

mA 

•l 

Input HIGH Current 

Vcc = max., V|N = 7.0V 



0.1 

mA 


Off-State (High-Impedance) 
Output Current 

Vcc = max. 

Vq =0.4V 



-20 

juA 

Vo == 2.4 V 



20 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-85 

mA 

•cc 

Power Supply Current 
(Note 4) 

Vcc = max. 

1 

1 

37 

56 

mA 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate vaiue specified under Electrical Characteristics for the applicable device type. 

2. TypicaMimits are at Vqq = 5.0 V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Test Conditions: A = B - C -'Gi = G 2 = = GND; CLK -= POL = 4.5 V. 


MAXIMUIVI RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State 

—0.5V to +Vcc 

DC Input Voltage 

-0.5V to +7.0V 

DC Output Current, Into Outputs 

30mA 

DC Input Current 

-30mA to +5.0mA 
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Am25LS2536 

SWITCHING CHARACTERISTICS 

(Ta = +25X, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 


<PLH 

tpLH 

Gi to Yo - Yy 


17 

25 

ns 

Cl = 45pF 

Rl = 667n 


23 

34 

'PLH 

G2 to Yo - Yy 


20 

30 

ns 

tpHL 


26 

39 

*PLH 

CP to Yo - Yy 


24 

36 

ns 

tpHL 


30 

45 

<PLH 

CLR to Yo - Yy 


24 

36 

ns 

^PHL 


31 

46 

ts 

Clock Enable to CP 

25 



ns 

th 

0 



ts 

th 

A, B, C, POL to CP 

15 

0 

1 



ns 

tHZ 

OE to Yo - Yy 


9 

14 

ns 

Cl = 5pF 

Rl = 667ft 

tiz 

1 

11 

17 

tzH 

OE to Yo - Yy 


15 

22 

ns 

Cl = 45pF 

Rl = 667ft 

tZL 


16 

24 

ts 

Set-up Time, Clear Recovery to CP 

20 



ns 

tpw 

Pulse Width 

Clock 

15 



ns 

Clear 

15 




SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Parameters Description 

Am25LS COM'L 

Am25LSMIL 

Units Test Conditions 

Ta = OX to +70X 
Vcc = 5.0V ±5% 
Min. Max. 

Ta = -55X to +125X 
Vcc = 5.0V ±10% 

Min. Max. 

tpLH 

Gi to Yo - Yy 


29 


31 

■ 

ns 

Cl = 46pF 

Rl = 667ft 

tpHL 


39 


42 

tpLH 

G2 to Yo - Yy 


34 


37 

ns 

tpHL 


44 


48 

tpLH 

CPto Yo - Yy 


40 


42 

ns 

tpHL 


51 


55 

tpLH 

tpHL 

CLR to Yo - Yy 


47 


54 

ns 


58 


66 

ts 

Clock Enable to CP 

. 

27 


30 


ns 

th 

0 


0 


ts 

A, B, C, POL to CP 

17 


20 


ns 

th 

0 


0 


tHZ 

tLZ 

OE to Yo - Y7 


17 


18 

ns 

Cl = S.OpF 

Rl = 667ft 


27 1 


34 

tZH 

OEtoYo-Yy 


-j 

25 1 


27 

ns 

Cl - 5.0pF 

Rl = 667ft 

tZL 


28 


30 

ts 

Set-Up Time, Clear Recovery to CP 

23 


25 


ns 

tpw 

Pulse Width 

Clock 

17 


20 


ns 

Clear 

15 


15 



•AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS2536 


FUNCTION TABLE 



Inputs 

Internal 

Registers 

Three-State Outputs 

Mode 

C 

B 

A 

POL 

CE 

CLR 

G* 

OE 

CP 

Qc 

Qb Qa QPOL 

Yo Yi 

V2 

Ys Y4 

Y5 Y6 

Y? 


X 

X 

X 

X 

X 

L 

L 

L 

X 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 


X 

X 

X 

X 

X 

L 

H 

L 

X 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

Hold 

X 

X 

X 

X 

H 

H 

NC 

L 

t 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

Select 

L 

L 

L 

H 

L 

H 

H 

L 

t 

L 

L 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 


L 

L 

H 

H 

L 

H 

H 

L 

t 

L 

L 

H 

H 

L 

H 

L 

L 

L 

L 

L 

L 


L 

H 

L 

H 

L 

H 

H 

L 

t 

L 

H 

L 

H 

L 

L 

H 

L 

L 

L 

L 

L 


L 

H 

H 

H 

L 

H 

H 

L 

t 

L 

H 

H 

H 

L 

L 

L 

H 

L 

L 

L 

L 


H 

L 

L 

H 

L 

H 

H 

L 

t 

H 

L 

L 

H 

L 

L 

L 

L 

H 

L 

L 

L 


H 

L 

H 

H 

L 

H 

H 

L 

t 

H 

L 

H 

H 

L 

L 

L 

L 

L 

H 

L 

L 


H 

H 

L 

H 

L 

H 

H 

L 

t 

H 

H 

L 

H 

L 

L 

L 

L 

L 

L 

H 

L 


H 

H 

H 

H 

L 

H 

H 

L 

t 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

H 


L 

L 

L 

L 

L 

H 

H 

L 

t 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 


L 

L 

H 

L 

L 

H 

H 

L 

t 

L 

L 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 


L 

H 

L 

L 

L 

H 

H 

L 

t 

L 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 


L 

H 

H 

L 

L 

H 

H 

L 

t 

L 

H 

H 

L 

H 

H 

H 

L 

H 

H 

H 

H 


H 

L 

L 

L 

L 

H 

H 

L 

t 

H 

L 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 


H 

L 

H 

L 

L 

H 

H 

L 

t 

H 

L 

H 

L 

H 

H 

H 

H 

H 

L 

H 

H 


H 

H 

L 

. L 

L 

H 

H 

L 

t 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

L 

H 


H 

H 

H 

L 

L 

H 

H 

L 

t 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 


X 

X 

X 

H 

L 

H 

L 

L 

t 

X 

X 

X 

H 

L 

L 

L 

L 

L 

L 

L 

L 


X 

X 

X 

L 

L 

H 

L 

L 

t 

X 

X 

X 

L 

H 

H 

H 

H 

H 

H 

H 

H 

Output 

X 

X 

X 

X 

X 

X 

X 

H 

X 

NC 

NC 

NC 

NC 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Disable 























NC = No Change X - Don't Care Z = High-Impedance t = Low-to-High Transition 


Gl 

G2 

G 

L 

L 

L 

L 

H 

H 

H 

L 

L 

H 

H 

L 


DEFINITION OF TERMS 


METALLIZATION AND PAD LAYOUT 


CLR CLEAR When the CLEAR input is LOW, the control 
register outputs (Qa, Qb. Qc^ Orol) are set LOW 
regardless of any other Inputs. 

CP CLOCK - Enters data into the control register on the 
LOW-to-HiGH transition. 

CE CLOCK ENABLE - Allows data to enter the control 
register when CE is LOW. When CE is HIGH, the Qj 
outputs do not change state, regardless of data or 
clock input transitions. 

A,B,C Inputs to the control register which ^ entered on 
the LOW-to-HIGH clock transition if CE is LOW. 

POL input to the control register bit used for determin¬ 
ing the polarity of the selected output. 

Gi Active LOW part of the expression G = G- 1 G 2 [or G = 
(Gi) G 2 ] where G is either data input for the selected 
Yn or Is used as an input enable. 

G 2 Active HIGH part of the expression G = G 1 G 2 . 

Yn The three-state outputs. When active (OE = LOW), 

one of eight outputs is selected by the code stored in 
the control register, with the polarity of all eight 
determined by the bit stored in the POL flip-flop of 
the control register. The selected output can further 
be controlle d by G according to the expression 
^selected = G © OpOL- 

OE OUTPUT ENABLE. When OE is HIGH the^outputs 
are in the high impedance state; when OE is LOW 
the Yp's are in their active state as determined by the 
other control logic. The OE input affects the Y^, out¬ 
put buffers only and has no effect on the control 
register or any other logic. 


CLR 1 
CP 2 

CE 3 
A 4 

B 5 
C 6 

POL 7 

OE 8 


Yo 9 
GND 10 



DIE SIZE 0.084” X 0.099” 


LOGIC SYMBOL 



Vcc = 20 

GND = 10 
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Am25LS2537 

One-of-Ten Decoder with Three-State Outputs and Polarity Control 


DISTINCTIVE CHARACTERISTICS 

• Three-state outputs 

• Separate output polarity control 

• Inverting and non-inverting enable inputs 

• Does not respond to codes above nine 

• A.C. paranrieters specified over operating temperature and 
power supply ranges 


RELATED PRODUCTS 

Part No. Description 

Am25LS2536 8-Bit Decoder 

Am25LS2538 1 of 8 Decoder 

Am25LS2539 Dual 1 of 4 Decoder 

Am25LS2548 Chip Select Address Decoder 

Am2921 1 of 8 Decoder 

Am2924 3 to 8 Line Decoder/Demultiplexer 


LOGIC DIAGRAM 



FUNCTIONAL DESCRIPTION 

The Am25LS2537 is a demultiplexer/one-of-ten decoder that 
accepts four active high BCD inputs and selects one-of-ten 
mutually exclusive outputs. The device features three-state 
outputs as well as a buffered common polarity control such 
that the outputs are mutually exclusive active-low or mutually 
exclusive active-high. The logic design of the Am25LS2537 
ensures that all outputs are unselected when the binary codes 
greater than nine are applied to the inputs. The inputs A, B, 
C, and D of the Am25LS2537 correspond to the respective 
binary weight of 1, 2, 4, and 8. 

The output enable (OE) input controls the three-state outputs. 
When the OE input is HIGH, the outputs are in the high im¬ 
pedance state. When the OE input is LOW, the outputs are 
enabled. The polarity (POL) input is used to drive the Y out¬ 
puts to either the active-HIGH state or the active-LOW state. 
When the POL input is LOW, the outputs are active-HIGH. 
When the POL input is HIGH, the Y outputs are active-LOW. 
The device features one active-HIGH and one active-LOW 
enable input which can be used for gating the decoder or can 
be used with incoming data for demultiplexing applications. 

The Am25LS2537 is packaged in a space saving (0.3-inch row 
spacing) 20'pin package. The device also features Am25LS 
family faster switching specifications, higher noise margin, 
and twice the fan-out over the military temperature range 
when compared with Am54LS/74LS devices. 


Package 

Type 

ORDERING INFORMATION 

Temperature Order 

Range Number 

Molded DIP 


0to+70°C 

AM25LS2537PC i 

Hermetic DIP 


0to+70°C 

AM25LS2537DC 

Chip-Pak 

Dice 


0to-F70°C 

0to-f70°C 

AM25LS2537LC 

AM25LS2537XC 

Hermetic DIP 


-55to-h125°C 

AM25LS2537DM 

Hermetic Flat-Pak 

-55to-f-125°C 

AM25LS2537FM 

Chip-Pak, 

Dice 


-55to+125°C 

-55to-h125°C 

AM25LS2537LM 

AM25LS2537XM 


CONNECTION DIAGRAMS - Top Views 

Leadless Chip Carrier 

L-20-1 

^2 C 


20 

□ Vcc “ 

> > :S^ 

c 

2 

19 

□ jTV 

2 1 20 19 \ 

Xo c 

3 

18 


18 [V Y4 

POL C 

4 

17 

-C 

OE TH 5 

irdo 

of E 

5 

16 

□ c 

16 El *- 

A C 

6 

15 

□ li ® 


B C 

7 

14 

H E2 

15 cr ^ 

^5 C 

8 

13 

□ Yg 

14 E2 

10 11 12 13 y 

^6 C 

9 

12 

□ Yb \ P 


GND E 

10 

11 

□ ^7 

a j, - « 


Note; 

Pin 1 is marked for orientation. 
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Am25LS2537 


ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM'L = Ta = 0°C to +70°C Vcc = 5.0V±5% MIN. = 4.75V MAX. = 5.25 V 

MIL = Ta = -55°C to +.125°C Vcc = 5.0V±10% MIN. = 4.50V MAX. = 5.50 V 


DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note i) Min. (Note 2) Max. Units 


— 

VqH 

Output HIGH Voltage 

Vcc = MIN. 

V|N = V|H or V|L 

MIL, Iqh “ .0mA 

2.4 

3.4 


— 

Volts 

COM'L, Iqh = -2-6mA 

2.4 

3.4 


VOL 

Output LOW Voltage 
(Note 5) 

Vcc = min. 

V|N = V|H or V|L 

•OL “ 4.0mA 



0.4 

Volts 

•(DL “ 8.0mA 



0.45 

Iql ~ ^2mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc == min., I|m = -18mA 



-1.5 

Volts 

•IL 

Input LOW Current 

Vcc = max., V||vj =0.4V 



-0.36 

mA 

•IH 

Input HIGH Current 

Vcc = max., V|n = 2.7V 



20 

HA 

h 

Input HIGH Current 

Vcc = max., V|N = 7.0V 



0.1 ' 

mA 

‘QZ 

Off-State (High-Impedance) 
Output Current 

r 

Vcc = max. 

Vq =0.4V 



-20 

mA 

Vq 2.4 V 



20 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-85 

mA 

•cc 

Power Supply Current 
(Note 4) 

Vcc = max. 


25 

40 

mA 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical,Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0 V, 25 C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Test conditions: A = B = C = D = E1 = GN D; E2 = POL = OE = 4.5 V. 

5. Vql is specified with total device Iql ~ 60mA (max.). 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5 V to +7.0 V 

DC Voltage Applied to Outputs for High Output State 

-0.5 V to+Vcc ftiax- 

DC Input Voltage 

-0.5 V to +7.0V 

DC Output Current, Into Outputs 

30 mA 

DC Input Current 

—30 mA to +5.0 mA 
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Am25LS2537 

SWITCHING CHARACTERISTICS 

(Ta = +25°c, Vcc = 5.0V) 


Parameters 

Description 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

tPLH 

A, B, C, D to Yj 


22 

33 



tPHL 


17 

25 



tPLH 

EltoVi 


19 

28 

ns 


tPHL 


21 

31 


tPLH 

E2to Yj 


21 

31 

ns 

Cl=--15pF 

tPHL 


23 

34 

Rl = 2.0 kn 

tPLH 

POLtoYj 


18 

27 

ns 


tPHL 


21 

31 


tZH 

OE Control to Yj 


22 

33 

ns 

i 

tZL 


14 

21 


tHZ 

OE Control to Yj 


19 

28 

ns 

Cl=5.0pF 

tLZ 


23 

34 

Rl = 2.0 kn 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE^ 

Parameters Description 

Am25LS COM'L 

Am25LS MIL 

Units Test Conditions 

Ta = 0°C to +70°C 
Vcc = 5.0V ± 5% 

Min, Max. 

TA = -55°Cto+125°C 
Vcc = 5.0V ± 10% 

Min. Max. 

^PLH 

A, B, C, D to Yj 


41 


48 

ns 

p— 

Cl = 50pF 

Rl = 2.0kn 

tPHL 


32 


39 

tPLH 

El to Yj 


34 


40 

ns 

tPHL 


38 


45 

tPLH 

E 2 to Yj 


38 


45 

ns 

tPHL 


42 


49 

tPLH 

POLtoYj 


32 


37 

ns 

tPHL 


42 


52 

tZH 

OE Control to Yj 


44 


55 

ns' 

tZL 


23 


25 

tHZ 

OE Control to Yj 


33 


37 

ns 

Cl = 5.0pF 

RL = 2.0kii 

tLZ 


38 


42 


*AC performance over the operating temperature range is guarantee'd by testing defined in' Group A, Subgroup 9. 
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FUNCTION TABLE 


Am25LS2537 


FUNCTION 


E-i E2 POL D 


Yq 


Active-HIGH Output 


Active-LOW Output 


X = Don't Care 
Z = High Impedance 


DEFINITION OF FUNCTIONAL TERMS 


A, B, C, D To select inputs to the decoder. 

El The active-LOW enable input. A HIGH on the El 

input inhibits the decoder function regardless of 
any other inputs. 

E2 The active-HIGH enable input. A LOW on the E2 

input forces all the decoder functions to the 
inactive state regardless of any other inputs. 


The polarity control for the output function. 
When the polarity control is HIGH, the outputs 
are active-LOW. When the POL input is LOW, 
the outputs are active-HIGH. 

Output Enable. An active-LOW three-state control 
used to enable the outputs. A HIGH level input 
forces the output to the high impedance (off) 
state. 

Decoder outputs. The ten outputs of the decoder. 






Am25LS2537 












Am25LS2538 

One • of «Eight Decoder 

with Three^State Outputs and Polarity Control 


DISTINCTIVE CHARACTERISTICS 

• Three-state decoder outputs 

• Buffered common output polarity control 

• Inverting and non inverting enable inputs 

• A. C, parameters specified over operating temperature and 
power supply ranges 


RELATED PRODUCTS 


Part No. 

Description 

Am25LS2536 

8-Bit Decoder 

Am25LS2537 

1 of 10 Decoder 

Am25LS2539 

Dual 1 of 4 Decoder 

Am25LS2548 

Chip Select Address Decoder 

Am2921 

1 of 8 Decoder 

Am2924 

3 to 8 Line Decoder/Demultiplexer 


FUNCTIONAL DESCRIPTION 

The Am25LS2538 is a three-line to eight-line decoder/ 
demultiplexer fabricated using advanced Low-Power Schottky 
technology. The decoder has three buffered select inputs— 
A, B, and C—that are decoded to one-of-eight Y outputs. Two 
active-HIGH and two active-LOW enables can be used f3r 
gating the decoder or can be used with incoming data for 
demultiplexing applications. 

A separate polarity (POL) input can be used to force the 
function active-HIGH or active-LO W at the output. Two 
separate active-LOW output enables (OE) inputs are provided. 
If either OE input is HIGH, the output is in the high impedance 
(off) state. When the POL input is LOW, the Y outputs are 
active-HIGH and when the POL input is HIGH, the Y outputs 
are active-LOW. 

The device is packaged in a space saving (0.3-inch row 
spacing) 20-pin package. It also features Am25LS family 
improved switching specifications, higher noise margin, and 
twice the fan-out over the military temperature range when 
compared with Am54LS/74LS devices. 


LOGIC DIAGRAM 
One-of-Eight Decoder 





CONNECTION DIAGRAMS - Top Views 

ORDERING INFORMATION 


p—vy—^ 

□ Vcc 

1 V3 

Leadiess Chip Carrier 
L-20-1 

Package 

Type 

Temperature 

Range 

Order 

Number 

'^1 c 

2 19| 

A~in^r&irtr\ 

Molded DIP 

0to+70“C 

AM25LS2538PC 

^0 L 

3 18| 

□ V4 


Hermetic DIP 

0to+70°C 

AM25LS2538DC 


4 17 

□ •C 

Chip-Pak 

0to+70X 

AM25LS2538LC 

1 

6 , 16 


1 i'" 

Dice 

0to~f70°C 

AM25LS2538XC 

6 15 

□ ^2 ■ 

Age 

Hermetic DIP 

~55to-f125°C 

AM25LS2538DM 


7 ■ 14 

□ E3 

egr 

Hermetic Flat Pack 

-55 to-f125X 

AM25LS2538FM 


8 13 

□ E4 

v^ri 8 «[Te3 

Chip-Pak 

-55 to+125°C. 

AM25LS2538LM 

gnd r 

10 

□ POL 

^\AAAA.Ry 

“ i o " 

Dice 

-55 to+125°C 

AM25LS2538XM 


Note: 

: Pin 1 is marked for orientation. 
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Am25LS2538 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM'L Ta = Q°c to +70°c Vcc = 5.0V±5% MIN. = 4.75 V MAX. = 5.25 V 

MIL Ta =-55°C to+125°C Vcc = 5.0V ±10% MIN. =4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 


Parameters Description Test Conditions (Note i) Min. (Note 2) Max. Units 


VqH 

Output HIGH Voltage 

Vcc “ MIN. 

V|N = V|H or V|L 

•oh ~ —1 OmA (MIL) 

2.4 

3.4 


Volts 

•oh =-2.6mA (COM'L) 

2.4 

3.4 


VoL 

Output LOW Voltage 
(Note 5) 

Vcc = min. 

V|N = V|H or V|L 

•OL ~ 4.0mA 



0.4 

Volts 

•OL ~ 8.0mA 



0.45 

•OL “ 12mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

Vil 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc = MiN- ‘in = -ISmA 



-1.5 

Volts 

I|L 

Input LOW Current 

Vcc = max., V|n=0.4V 



-0.36 

mA 

t|H 

Input HIGH Current 

Vcc = MAX., V||M =2.7V 



20 

mA 

‘I 

Input HIGH Current 

Vcc = MAX., V||S| = 7.0V 



0.1 

mA 

■oz 

Off-State (High-Impedance) 
Output Current 

Vcc = max. 

Vo = 0.4V 



-20 

mA 

Vo = 2.4V 



20 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

^15 


-85 

mA 

•cc 

Power Supply Current 
(Note 4) 

Vcc = max. 


21 

34 

mA 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0 V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Test conditions: A = B = C = El = E 2 = GND : E3 = E4 = POL = OE-i = ^2 = ^ 5V. 

5. Vql's specified with total device Iq|_ = 60mA (max.). 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5 V to +7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5 V to +Vcc oiax. 

DC Input Voltage 

-0.5 V to+7.0 V 

DC Output Current, Into Outputs 

30 mA 

DC Input Current 

—30 mA to +5.0 mA 
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Am25LS2538 


DEFINITION OF FUNCTIONAL TERMS 

A, B, C, D The three select inputs to the decoder/de¬ 
multiplexer. 

^2 The active LOW enable inputs. A HIGH on 

either the E-j or E 2 input forces all decoded 
functions to be disabled. 

E3. E4 The active HIGH enable inputs. A LOW on 

either E 3 or E 4 inputs forces all the decoded 
functions to be inhibited. 

POL Polarity Control. A LOW on the polarity con- 


OEi,OE2 


trol Input forces the output to the active-HIGH 
state while a HIGH on the polarity control 
input forces the Y outputs to the actIve-LOW 
state. 

Output Enable. When both the OE-j and OE 2 
inputs ar^ LOW, the Y outputs are enabled. If 
either OE-j or OE 2 input is HIGH, the Y out¬ 
puts are in the high inapedance state. 

The eight outputs for the decoder/demultiplexer. 


FUNCTION TABLE 


FUNCTION 

INPUTS 

OUTPUTS 

ml 

UJ 

lo 

El 

CM 

ILU 

E3 

E4 

POL 

c 

B 

A 

Yo 

Yl 

CM 

> 

Y3 

Y4 

Yb 

Ye 

Yy 


H 

X 

X 

X 

X 

X 

X 

X 

X 

X 

z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

High Impedance 

X 

H 

X 

X 

X 

X 

X 

X 

X 

X 

z 

z 

z 

z 

Z 

Z 

Z 

z 


L 

L 

H 

X 

X 

X 

L 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 


L 

L 

H 

X 

X 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 


L 

L 

X 

H 

X 

X 

L 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 


L 

L 

X 

H 

X 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 


L 

L 

X 

X 

L 

X 

L 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 


L 

L 

X 

X 

L 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 


L 

L 

X 

X 

X 

L 

L 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 


L 

L 

X 

X 

X 

L 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 


L 

L 

L 

L 

H 

H 

L 

L 

L 

L 

H 

L 

L 

L 

L 

L 

L 

L 


L 

L 

L 

L 

H 

H 

L 

L 

L 

H 

L 

H 

L 

L 

L 

L 

L 

L 


L 

L 

L 

L 

H 

H 

L 

L 

H 

L 

L 

L 

H 

L 

L 

L 

L 

L 

A of* 1 \ /Q L4 1 L-l 11^ Ilf* 

L 

L 

L 

L 

H 

H 

L 

L 

H 

H 

L 

L 

L 

H 

L 

L 

L 

L 

MCiiVc*nivjn v/uipui 

L 

L 

L 

L 

H 

H 

L 

H 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 


L 

L 

L 

L 

H 

H 

L 

H 

L 

H 

L 

L 

L 

L 

L 

H 

L 

L 


L 

L 

L 

L 

H 

H 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 

H 

L 


L 

L 

L 

L 

H 

H 

L 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

H 


L 

L 

L 

L 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 


L 

L ■! 

L 

L 

H 

H 

H 

L ' 

L 


H 

L 

H 

H 

H 

H 

H 

H 


L 

L 

L 

L 

H 

H 

H 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 


L 

L 

L 

L 

H 1 

H 

H 

L 

H 

H 

H 

H 

H 


H 

H 

H 

H 

Active-LOW Output 




















L 

L 

L 

L 

H ■ 

H 

H 

H 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 


L 

L j 

L 1 

L 

H i 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 


L 

'L • 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 


L 

L 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 


H = HIGH L = LOW X = Don't Care 2 = High Impedance 
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Am25LS2538 


APPLICATIONS 


ABC D E 



0-7 8-15 16-23 24-31 


One-of-thirty two decoder without additional decoding devices. 
Can be used for I/O decoding in an Am9080A system. 


FROM 

MICROPROGRAM MEMORY 
POL A B C D 



Two Am25LS2538s can be used to perform a one-of-sixteen-bit mask function or a one-of-sixteen-bit 
select function to perform bit manipulation in a microprocessor system. 


Examples: 


D 

c 

B 

A 

POL 

0 

1 2 

3 

4 

5 

6 

7 

8 

9 

101112131415 

Function 

0 

0 

1 

1 

0 

0 

0 0 

1 

0 

0 

0 

0 

0 

0 

0 

0 0 0 

0 

0 

Bit Select 


1 

0 

0 

0 

0 

0 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 1 0 

0 

0 

Bit Select 

0 

1 

1 

0 

1 

1 

1 1 

1 

1 

1 

0 

1 

1 

1 

1 

111 

1 

1 

Bit Mask 

1 

0 

1 

0 

1 

1 

1 1 

1 

1 

1 

1 

1 

1 

1 

0 

1 1 1 

1 

1 

Bit Mask 
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Am25LS2539 

Dual One-of-Four Decoder with Three^State Outputs and Polarity Control 


DISTINCTIVE CHARACTERISTICS 

• Two independent decoders/demultiplexers 

• Three-state outputs 

• Buffered common polarity control 

• A. C. parameters specified over operating temperature and 
power supply ranges 


RELATED PRODUCTS 


Part No. 

Description 

Am2s5LS2536 

8-Bit Decoder 

Am25LS2537 

1 of 10 Decoder 

Am25LS2538 

1 of 8 Decoder 

Am25LS2548 

Chip Select Address Decoder 

Am2921 

1 of 8 Decoder 

Am2924 

3 to 8 Line Decoder/Demultiplexer 


LOGIC DIAGRAM 


FUNCTIONAL DESCRIPTION 

The Am25LS2539(i^ (^j dual two-line to four-line decoder/ 
demultiplexer fabricated using advanced Low-Power Schottky 
technology. Each decoder has two buffered select inputs— 
A and B which are decoded to one-of-four Y outputs. An 
enable input (E) is used for gating or can be used as a data 
input for demultiplexing applications. When the enable input 
goes HIGH, all four decoder functions are inhibited. 

An output enable (OE) input is used_to control the three- 
state outputs of the device. When the OE input is LOW, the 
outputs are enabled. When the OE input is HIGH, the outputs 
are in the high impedance (off) state. The device also has 
separate buffered polarity (POL) inputs to force the outputs 
to either an active-HIGH state or an active-LOW state. Whert 
the POL input is LOW, the outputs are active-HIGH and when 
the POL input is HIGH, the outputs are active-LOW. The 
device is packaged in a space saving (0.3 inch row spacing) 
20-pin package. The device features Am25LS family improved 
switching specification, higher noise margin, and twrce the 
fan-out over the military temperature range when compared 
with Am54LS/74LS devices. 


LOGIC SYMBOLS 













n 




T 








1367 4 17 18 



1POL 1A 1B' 


2POL 2A 2B 

15 - 0 

IE 

16 - 0 

2E 

14 Q 

IDE 

5- 0 

20E 


lYo lY, IY2 IY3 


2Yo 2Yi 2Y2 2Y3 


I I I I I I I I 

12 11 9 8 3 2 1 19 


Vqq = Pin 20 
GND = Pin 10 


CONNECTION DIAGRAMS - Top Views 

DIP Leadless Chip Carrier 

L-20-1 




Note: Pin T is marked for orientation. 
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ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 


Am25LS2539 


COM'L T/5^ = 0°C to+70°C Vcc = 5.0 V ±5% MIN. = 4.75 V MAX. = 5.25 V 

MIL ' Ta = -55°C to+125°C Vcc = 5.0V±10% MIN. = 4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 


Parameters Description Test Conditions (Note i) Min. (Note 2 ) Max. Units 


VqH 

Output HIGH Voltage 

Vcc = min. 

V|N = V|H or V|L 

MIL. Iqh = -1.0mA 

2.4 

3.4 


Volts 

COM’L. Iqh = -2.6mA 

2.4 

3.4 

. 

; VQL 

Output LOW Voltage 
(Note 5) 

Vcc = min. 

V|N = V|H or V|L 

•OL “ 4.0mA 



0.4 

Volts 

•OL “ 8.0mA 



0.45 

Iql “ 12mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volfs 

COM'L 



0.8 

V, 

Input Clamp Voltage 

Vcc = min., I|(vj = -18mA 



-1.5 

Volts 

‘IL 

Input LOW Current 

' 

Vcc = Max.. V|n = o.4v 


1 

-0.36 

mA 


Input HIGH Current 

. 

Vcc = max., V|n = 2.7 V 

_^ 



20 , 

i 

HA 

•l 

Input HIGH Current 

<Vcc = MAX., V|n = 7.0V 

_ 



0.1 

mA 

•oz 

Off-State (High-Impedance) 
Output Current 

Vcc = max. 

Vq = 0.4V 



-20 

mA 

Vo = 2.4 V 



20 

•sc 

Output Short Circuit Current 
(Notes) 

Vcc = max. 

-15 


-85 

mA 

•cc 

Power Supply Current 
(Note 4) 

_1 

Vcc = max. 


22 

37 

mA 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable 'device type. 

2. Typical limits are at Vqq = 5.0 V, 25°C ambient and maximum loading. 

3. Not more than one outp'ut_should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Test conditions: A = B = E = GND; POL = OE = 4.5V. 

5. Vql 'S specified with total device Iql ~ 60mA (max.). 


9 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5 V to +7.0 V 

DC Voltage Applied to Outputs for High Output State 

—0.5 V to +Vcc max. 

DC Input Voltage 

-0.5 V to+7.0 V 

DC Output Current, Into Outputs 

30 mA 

DC Input Current 

—30 mA to+5.0 mA 
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Am25LS2539 

SWITCHING CHARACTERISTICS 

(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 


tPLH 

A, B to Yj 


22 

33 

ns 

Cl = 15pF 

RL = 2.0kn 

tPHL 


17 

25 

tPLH 

E to Yj 


19 

28 

ns 

tpHL 


21 

31 

tpLH 

POL to Y: 

' j 


16 

24 

ns 

. 

tPHL 


19 

28 

tZH 

^ to Yj 


15 

23 

ns 

tZL 


15 

22 

tHZ 

OEtoYj 


19 

28 

ns 

Cl ^ B.OpF 

RL = 2.0ka 

tLZ 


23 

34 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Am25LS COM'L 

Am25LSMIL 





Ta = O'^C to +70°C 
Vcc ^ 5 OV ± 5% 

TA = -55°Cto+125°C 
Vcc = 5.0V ± 10% 



Parameters 

Description 

Min. 

Max. 

Min. 

Max. 

Units 

Test Conditions 

tPLH 

A, B,toYj 


41 


48 

ns 


tPHL 


34 


42 


PLH 

EtoYj 


34 


40 

ns 


tPHL 


38 


45 

Cj =50pF 

tPLH 

POLtoYj 


29 


34 

ns 

Rl - 2.0kn 

^PHL 


39 


49 


tZH 

^toYj 


38 


45 

■ 

ns 


tZL 


24 


25 


tHZ 

OE to Yj 


33 


37 

ns 

Cl = 5.0pF 

tLZ 


36 


37 

Rl = 2.0ka 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Am25LS • Am54LS/74LS 
LOW POWER SCHOTTKY lIMPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



Note: Ac+uai current fiow direction shown. 
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Am25LS2539 


DEFINITION OF FUNCTIONAL TERMS 


FUNCTION TABLE 


A, B 
E Enable 


POL 


OE 


Vq. Yi, Y2. Yg 


Select the two select inputs to the decoder/ 
demultiplexer. 

The enable input to the decoder. A HIGH 
input forces the decoding functions to be 
inhibited regardless of the A and B'inputs. 
Polarity Input. The polarity input forces the 
outputs either an active-HIGH state or an 
active-LOW state. A LOW on the polarity 
input forces the output active-HIGH. A 
HIGH on the polarity input forces the 
outputs active-LOW. 

Output Enable. A LOW on the OE input 
enables the outputs. A HIGH on the OE 
inputs forces the outputs to the high im¬ 
pedance (off) state. 


Function 


inputs 



- 

Outputs 


OE 

E 

POL 

B 

A 

0 

> 

Yl 

Y 2 

Y 3 

High Impedance 

H 

X 

X 

X 

X 

Z 

Z 

Z 

Z 

Disable 

L 

H 

L 

X 

X 

L 

L. 

L. 

L 


L 

H 

H 

X 

X 

H 

H 

H 

H 


L 

L 

L 

L 

L 

H 

L. 

L. 

L 

Active-High 

L 

L 

L 

L 

H 

L 

H 

L 

L 

Output 

L 

L 

L 

H 

L, 

L 

L 

H 

L 


L 

L 

L 

H 

H 

L 

L 

L 

H 

1 

L 

L 

H 

L 

i:'i 

L 

H 


H 

Active-Low 

L 

L ^ 

H 

L 

H 1 

H 

1. 

H 

H 

Output 

L 

,L 

H 

H 

L 

H 

H 

L 

H 


L 

L J 

H 

H 

H 

H 

H 

H 1 

L 


The four decoder/demultiplexer outputs. 


H = HIGH 
L - LOW 


. X = Don't Care 
2 = High Impedance 


Metallization and Pad Layout 


2Y2 1 

2Yi 2 

2Yo 3 


20 Vcc 
19 2Y3 

18 2B 


2 POL 


17 2A 


20E 5 

1A ' 6 
IB 7 


16 2E 
15 TE 
14 fOE 


1Y3 8 

1Y2 9 

GND 10 


13 1POL 
12 IYq 
11 IY1 



DIE SIZE 0.081" X 0.096" 
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Am25LS2548 

Chip Select Address Decoder with Ackoowiedge 


DISTINCTIVE CHARACTERISTICS 


FUNCTIONAL DESCRIPTION 


• One-of-Eight Decoder provides eight chip select outputs 

• Acknowledge output responds to enables and read or write 
command 

• Open-collector Acknowledge output for wired-OR application 

• Inverting and non-inverting enable inputs for upper address 
decoding 


RELATED PRODUCTS 

Part No. Description 


The Am25LS2548 Address Decoder combines a three-line to 
eight-line decoder with four qualifying enable inputs (two active 
HIGH and two active LOW) and the acknowledge output re¬ 
quired for “ready” or “wait state” control of all popular MOS 
microprocessors. 

The acknowledge output, ACK, is active LOW and_n^sponds to 
the c ombination of all enables active and a read (RD) or write 
(WR) input command. 

The eight chip select outputs are individually active LOW in 
response to the combination of all enables active and the corre¬ 
sponding 3-bit input code at inputs A, B, and C. 


Am25LS2536 

Am25LS2537 

Am25LS2538 

Am25LS2539 

Am2921 

Am2924 


8-Bit Decoder 
1 of 10 Decoder 
1 of 8 Decoder 
Dual 1 of 4 Decoder 
1 of 8 Decoder 


The Am25LS2548 is intended for chip select decoding in small, 
medium or large systems where multiple chip selects must be 
generated and address space must be allocated conservatively. 


3 to 8 Line Decoder/Demultiplexer 


LOGIC DIAGRAM 



CONNECTION DIAGRAMS - Top Views 

Leadless Chip Carrier 
L-20-1 




Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 
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Am25LS2548 

ELECTRICAL CHARACTERISTICS 

The Follovying Conditions Apply Unless Otherwise Specified: ^ 

COM’L Ta = 0°C to +70°C Vcc = 5.0V ±5% (MIN. = 4.75V MAX. = 5.25V) 

MIL Ta = -55°C to +125°C Vcc = 5.0V ±10% (MIN. = 4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 


Typ. 

Parameters Description Test Conditions (Note 1 ) Min. (Note 2 ) Max. Units 


I 

0 

> 

Output HIGH Voltage 

Vcc = min. 

V|N = V,HorV|L 

•oh = -440/xA 

2.4 

3.4 


Volts 

VoL 

Output LOW Voltage 

Vcc = min. 

V,N = V,HorV|L 

•OL = 4.0mA 



0.4 

Volts 

Iql = 8.0mA 



0.45 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 


Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM’L 



0.8 

V, 

Input Clamp Voltage 

Vcc = min., I,m = -18mA 



-1.5 

Volts 


Input LOW Current 

Vcc = max., V,n = 0 . 4 V 



-0.36 

mA 

'm 

Input HIGH Current 

Vcc = max., V,n = 2.7V 



20 

fiA 

• '1 

Input HIGH Current 

Vcc = max., V,n = 7.0V 



0.1 

mA 

*sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-85 

mA 

•cc 

Power Supply Current (Note 4) 

Vcc = max. 


15 

20 

mA 


Notes; 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be £horte^ at a time. Duration of the short circuit test should not exceed one second. 

4. TEST CONDITIONS; A = B = C = E^ = Eg = GND; RD = WR = E 3 = E 4 = 4.5V. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°C to +150X 

Temperature (Ambient) Under Bias 

-55°C to+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5V to +7.0V 

DC Voltage Applied to Outputs for High Output State 

-0.5V to +Vcc niax. 

DC Input Voltage 

-0.5V to +7.0V 

DC Output Current Into Outputs 

30mA 

DC Input Current 

-30mA to +5.0mA 
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Am25LS2548 


SWITCHING CHARACTERISTICS 

(Ta = +25°C, Vcc = 5.0V) 


Parameters 

Description 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

IPLH 

A, B or C to Yj (Three Level Delay) 


14 

20 

ns 


tpHL 


19 

27 

ns 


tpLH 

A, B, or C to Yj (Two Level Delay) 


13 

18 

ns 


tpHL 


15 

21 

ns 


IPLH 

Ei.EgtoYj 


13 

18 

ns 


Vhl 


16 

23 

ns 


tpLH 

E3, E4 to Yj 


15 

21 

ns 

Cl = 15pF 

tpHL 


19 

27 

ns 

Rl = 2.okn 

IPLH 

WR, W to 


25 

35 

ns 


IPHL 


16 

22 

ns 


IPLH 

Ei, Egto A^ 


29 

40 

ns 


tpHL 


25 

35 

ns 


IPLH 

E3, E4 to A^ 


29 

40 

ns 


tpHL 

-^- 

i 

25 

35 

ns 



SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 




Am25LS COM’L 

Am25LS MIL 




Ta = OX to -I-70X 

Ta = -55X to +125X 




Vcc = 5.0V ±5% 

Vcc = 5.0V ±10% 


Parameters 

Description 

Min. 

Max. 

Min. 

Max. 

Units 

Test Conditions 

IPLH 

A, B or C to Yj (Three Level Delay) 


27 


30 

ns 


tpHL 


34 


36 

ns 


IPLH 

A, B or C to Yj (Two Level Delay) 


23 

/ 

25 

ns 


IPHL 


28 


31 

ns 


tpLH 

Ei.Egto Yj 


23 


25 

ns 


tpHL 


29 


31 

ns 


^PLH 

E3, E4to Yj 


27 


28 

ns 

Cl - 50pF 

tpHL 


34 


36 

ns 

Rl = 2.0ka 

tpLH 

WR, m to ^ 


45 


45 

ns 


IpHL 


31 


35 

ns 


^PLH 

¥i,¥2to^ 


45 


45 

ns 


IPHL 


39 


40 

ns 


IPLH 

E3, E4 to MK 


45 


45 

ns 


IPHL 


39 


40 

ns 
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Am25LS2548 


DEFINITION OF FUNCTIONAL TERMS 


A, C Three-line to eight-line chip select decoder inputs. 


E.|, E 2 The active LOW enable inputs. A HIGH on either the 


E-i or E 2 input forces ail decoded functions to be dis- 

Y2 

abled, and forces ACK HIGH. 


E 3 , E 4 The active HIGH enable inputs. A LOW on either E 3 or 

ACK 

E 4 inputs forces all the decoded functions to -be Inhib- 


ited, and forces ACK HIGH. 


WR, RD The write input, WR, and read input, are active 


LOW inputs used as conditions for an active LOW 

WR 

output at the acknowledge, ACK, output. 

RD 

ACK The acknowledge output, ACK, is an active LOW out¬ 

A 

put used to signal the microprocessor that specific 

B 

devices have been selected. ACK goes LOW only 


when E-i and E 2 are LOW, E 3 and E 4 are HIGH and 


WR or m is LOW. 


Yj The eight active LOW chip select outputs. 

Y5 


Ye 

GND 


METALLIZATION AND PAD LAYOUT 



DIE SIZE: 0.081” X 0.096 


LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 


ORDERING INFORMATION 

Package Temperature 

Type Range 


Order 

Number 


Molded DIP 
Hermetic DIP 
Chip-Pak 
Dice 

Hermetic DIP 
Hermetic Flat-Pak 
Chip-Pak 
Dice 


0to+70°C 

0to+70°C 

0to-h70°C 

0to+70°C 

-55to-l-125°C 

-55to-l-125°C 

-55to+125°C 

-55to-l-125°C 


AM25LS2548PC 

AM25LS2548DC 

AM25LS2548LC 

AM25LS2548XC 

AM25LS2548DM 

AM25LS2548FM 

AM25LS2548LM 

AM25LS2548XM 
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Am25LS2568 • Am25LS2569 

Four-fill Up/Down Counters with Three-State Outputs 


’ DISTINCTIVE CHARACTERISTICS 


FUNCTIONAL DESCRIPTION 


• 4-bit synchronous counter, synchronously programmable 

• Both synchronous and asynchronous clear inputs 

» Three-state counter outputs interface directly with bus 
organized systems 

• internal look-ahead carry logic and two count enable lines 
for high speed cascaded operation 

« Ripple carry output for cascading 

• Clock carry output for convenient moduio configuration 

• Fully buffered outputs 

• Second sourced as the 54LS/74LS568 and LS569 
« Advanced low-power Sciiottky technology 


LOGIC DIAGRAMS 
Am2bLS2568 (BCD) 



The Am25LS2568 and Am25LS2569 are programmable up/ 
down BCD and Binary counters respectively with three- 
state outputs for bus organized systems. All functio ns except 
output enable (OE) and asynchronous clear (ACER) occur on 
the positive edge of the clock input (CP). 

With the LOAD input LOW, the outputs will be programmed 
by the parallel data inputs (A, B, C, D ) on t he ne xt clock edge. 
Counting is enabled only when CEP and CET are LOW and 
LOAD is HIGH. The up-down input (U/D) controls the direc¬ 
tion of count, HIGH counts up and LOW counts down. In¬ 
ternal lo ok-ah ead carry logic and an active LOV\/ ripple carry 
output (RCO) allows f or hig h-speed counting and cascading. 
During up-count, the RCO is LOW at binary 9 for the 
LS2568 {binary 15 for the LS2569) and upon down-count, 
it is LOW at binary 0. Normal cascaded operations re quires 
only the RCO to be connected to the succeeding block at CET. 
When counting, the clocked carry output (CCO) provides a 
HIGH-LOW-HIGH pulse for a duration equal to the LOW time 
of the clock pulse and only when RCO is LOW. Two a ctive 
LOW reset lines are available, syn chrono us clear (SCLR) and 
a master reset asynchronous clear (ACLR). The output control 
(OE) input forces the counter output into the high impedance 
state when HIGH and when LOW, the counter outputs are 
enabled. 


LOGIC SYMBOL 



Vcc = Pin 20 

GND = Pin 10 


MPR-341 


CONNECTION DIAGRAMS - Top Views 
DIP Leadless Chip Carrier 
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Am2SLS2568 • Am25LS2569 
ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM'L = 0°C to+70°C Vcc = 5.0V±5% MIN. = 4.75 V MAX. = 5.25 V 

MIL Ta =-55°C to+125°C Vqc = 5.0V ± 10% MlN. = 4.50V MAX: = 5.50 V 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note i) Min. (Note 2 ) Max. Units 


VqH 

---^— 

Output HIGH Voltage 

Vcc = MIN. 
V|N = V|H 
or V,L 

Yj 

MIL, Iqh ~ ~1 -OmA 

2.4 

3.4 


Volts 

COM'L, Iqh ~ —2.6mA 

2.4 

3.2 


R^, 

CCO 

•oh ~ —440mA 

MIL 

2.5 

3.4 


COM'L 

2.7 

3.4 


VoL 

Output LOW Voltage 

Vcc = min. 

V|N = V|H or V|L 

•OL ~ 4.0mA 



0.4 

Volts 

lOL “8.0mA 



0.45 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

VlL 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc = min., I|n = -18mA 



-1.5 

Volts 

•iL 

Input LOW Current 

Vcc = max., 

V|N -0.4V 

ACLR, OE, U/D, 



-0.3 

mA 

A, B, C, D, CP, ^ 



-0.4 

^,SCLR 



-0.65 

l|H 

Input HIGH Current 

Vcc = max., ViN = 2.7 V 



20 

mA 

•l 

Input HIGH Current 

■ 

Vcc = max., V|N = 7.0V 



0.1 

mA 

*oz 

Off-State (High-Impedance) 
Output Current 

Vcc = max. 

Vo = 0.4V 



-20 

ma 

Vo = 2.4V 



o 

CM 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-85 

mA 

•cc 

Power Supply Current 
(Note 4) 

Vcc = max. 

_ 


28 

43 

mA 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0 V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. OE = HIGH, all other inputs = GND, all outputs open. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5 V to +7.0 V 

DC Voltage Applied to Outputs for High Output State 

-0.5 V to +Vcc nriax. 

DC Input Voltage 

-0.5Vto+7.0V 

DC Output Current, Into Outputs 

30 mA 

DC Input Current 

—30 mA to+5.0 mA 
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Am25LS2568 • Am25LS2569 


SWITCHING CHARACTERISTICS 

(Ta = +25‘^^C, Vcc "5.0V) 

Parameters Description Min. Typ. Max. Units Test Conditions 


tPLH 

Clock to Any Q; Load = LOW 


12 

18 

ns 

Cj_ = 15pF 

Rl = 2.0kn 

1 

i 

tPHL 


14 

21 

tpLH 

Clock to Any Q; Load = HIGH 


12 

18 

ns 

tPHL 


14 

21 

tPLH 

to 


11 

16 

ns 

tPHL 


6 

10 

tPLH 

U/D to 'R^ 


15 

23 

ns 

tPHL 


13 

20 

tPLH 

Clock to RCO 

.. 

24 

35 

ns 

'PHL 


18 

26 

tpLH 

Clock to CCO 


10 

15 

ns 

tPHL 


10 

15 

tPLH 

CET or CEP to CCO 


10 

15 

ns 

tpHL 


17 

25 

tPLH 

ACLR to Any Q 


N.A. 

N.A. 

ns 

tPHL 


17 

26 


Set-up 

A, B, C, D 

22 



ns 

SCLR 

20 



Load 

30 



U/D 

30 



ceT, cep 

25 



ts 

SCLR Recovery (inactive) to Clock 

30 



ns 

'h 

Data Hold 

0 



ns 

^max 

Maximum Clock Frequency (Note 1) 

25 

40 


MHz 

^pw 

Clock Pulse Width 

25 



ns 

<PZH 

OE to Any Q; Enable 



11 

ns 

tPZL 



19 

tPHZ 

OE to Any Q; Disable 



18 

ns 

Cl = b.opf 

Rl = 2.0k£7 

^PLZ 



24 


Note 1. Per industry convention, fmax's the worst case value of the maximum device operating frequency with no constraints on t^, tf, 
pulse width or duty cycle. 


Am25LS2568/2569 
FUNCTION TABLE 


INPUTS 

OUTPUTS 






ASYNC 

SYNC 











CLOCK 

MODE 

LOAD 

CEP 

CET 

U/D 

CLEAR 

CLEAR 

OE(1) 

Do 

Di 

D2 

D 3 

CP 

Qo 

Qi Q2 

Q3 

RC 

CARRY 

Clear 

X 

X 

X 

1 

0 

X 

0 

X 

X 

X 

X 

X 

0 

0 0 

0 

1 

1 

(ASYNC) 

X 

X 

X 

0 

0 

X 

0 

X 

X 

X 

X 

X 

0 

0 0 

0 

0 

Tr(2) 

Clear 

X 

X 

X 

1 

1 

0 

0 

X 

X 

X 

X 

t 

0 

0 0 

0 

1 

1 

(SYNC) 

X 

X 

X 

0 

1 

0 

0 

X 

X 

X 

X 

t 

0 

0 0 

0 

0 

i_r(2) 


0 

X 

1 

X 

1 

1 

0 

X 

X 

X 

X 

r 


c 

Q 

II 

c 

0 


1 

1 

Load 

0 

X 

0 

0 

1 

1 

0 

0 

0 

0 

0 

t 

0 

0 0 

0 

0 

1J“(2) 


0 

X 

0 

1 

1 

1 ' 

0 

1 

1 

1 

1(3) 

t 


1 1 

1(3) 

0 

Tr(2) 

Count Up 

iIiZ 


0 

1 

1 i 

' 1 1 

0 

X 

X 

X 

X 

t 

Qn+1 

(4) 

(5) 

Count Down 

1 

0 

1_ 

0 

0 

1 

1 

0 

X 

X 

X 

X 

T 

Qn-1 

(6) 

(5) 


1 

0 

1 

X 

1 

1 

0 

X 

X 

X 

X 

t 


N.C. 


N.C. 

1 

inhibit 

1 

1 

0 

X 

1 

i 1 

0 

X 

X 

X 

X 

t 


N.C. 


N.C. 

1 


1 

1 

1 


1 

1 

1 _ ^ _ 

0 

X 

X 

X 

X 

. t 


N.C. 


N.C. 

1 

Output 

Disable 

X 

X 

X, 

X 

X 

X 

1 

X 

X 

X 

X 

X 


z z 

z 

N.C. 

N.C. 


I = CLOCK LOW-to-HIGH transition Qn+i = Next higher count in binary sequence 

X = Don’t Care Qn-i = Next lower count in binary sequence 

Dn = Do thru D 3 input level prior to clock transition N.C. = No change 


Notes: 1. Register performs all correct logic for any state of OE, but OE = 0 to view outputs. 

2. Follows CLOCK if CET = CEP = 0, otherwise remains HIGH. 

3. 1001 for LS 68 . 

4. LOW for one full CLOCK cycle when maximum count is reached, otherwise remains HIGH. 

5. Follows CLOCK when RC = 0. 

6 . LOW for one full CLOCK cycle when minimum count is reached, otherwise remains HIGH. 
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Am25LS2568 • Am25LS2569 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

Am25LS COM'L 

Am25LSMIL 

Units Test Conditions 

Ta = 0°C to +70°C 
Vcc = 5.0V ±5% 

Min. Max. 

TA = -55°Cto+125°C 
Vcc = 5.0V ±10% 

Min. Max. 

tpLH 

Clock to Any Q; Load = LOW 


22 


24 

ns 

j 

1 Cl = 50pF 

RL = 2.0kn 

" 

tPHL 


29 


35 

IPLH 

Clock to Any Q; Load = HIGH 


22 


24 

n. 

tpHL 


29 


35 

*PLH 

to 


18 



ns 

<PHL 


17 


1 21 

tPLH 

U/D" to RCO 


26 


28 

ns 

tpHL 


26 


30 

<PLH 

Clock to "RCO 


39 


40 

ns 

tpHL 


34 


39 

'PLH 

Clock to CCO 


17 


18 

ns 

<PHL 


22 


' 

tPLH 

CET or 'cep to CCO 


16 



ns 

<PHL 


36 


45 

tpLH 

ACLR to Any Q 


N.A. 


N.A. 

ns 

<PHL i 


37 


45 


Set-up 

A, B,C. D 

29 


35 


ns 

SCLR 

25 


30 


Load 

38 


45 


U/D 

38 


45 


CiT, CEP 

33 


40 


Is 

SCLR Recovery (inactive) to Clock 

39 


50 


ns 

th 

Data Hold 

0 


5 


ns 

^max 

Maximum Clock Frequency (Note 1) 

20 


18 


MHz 

*pw 

Clock Pulse Width 

31 


37 


ns 

tZH 

OE to Any Q; Enable 


16 


20 

ns 

tZL 


26 


34 

tHZ 

OE to Any Q; Disable 


20 


22 

ns 

Cl = 5.0pF 

Rl = 2.0kn 

tLZ 


30 


36 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
N.A. not applicable. 


METALLIZATION AND PAD LAYOUTS 


Am25LS2568 


Am25LS2569 


U/D 1 


CEP 

AHI 


SCLR 9 
GND 10 




-20 ^ 

- 19 RCO 

- 18 CCO 

17 6e 

- 16 Ya 

- 15 Yb 

- 14 Yc 

13 Yq 
-12 ^ 

- 11 LOAD 


U/D 


CP 


A 

B 

C 

D 

CEP 

A^ 

GND 



Ycc 

RCO 

CCO 

OE 


Ya 


Yb 


Yc 


Yd 


CET 

LOAD 


DIE SIZE 0.087" X 0.103" 


DIE SIZE 0.087" X 0.103' 
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Am25LS2568 • Am25LS2569 


DEFINITION OF FUNCTIONAL TERMS 



carry output for cascaded operation. Must 
be LOW to count. 

CP 

Clock Pulse. All synchronous functions 
occur on the LOW-to-HIGH transition of 
the clock. 

LOAD 

Enables parallel load of counter outputs 
from data inputs on the next clock edge. 
Must be HIGH to count. 

U/D 

Up/Down Count Control. HIGH counts up 
and LOW counts down. 


Asynchronous Clear. Master reset of 
counters to zero when ACLR is LOW, 
independent of the clock. 

Synchronous clear of coun ters to zero on 
the next clock edge when SCLR is LOW. 

A HIGH on the output control sets the 
four counter outputs in the high imped¬ 
ance, and a LOW, enables the output. 

Ya.Yb, Yc,Yd The four counter outputs. 

RCO Ripple Carry Output. Output will be LOW 

on the maxi mum c ount on up-count. Upon 
down-count, RCO is LOW at 0000. 

CCO Clock Carry Output. While counting and 

RCO is LOW, CCO will follow the clock 
HIGH-LOW-HIGH transition. 


A, B, C, D The four programmable data Inputs. ACLR 

CEP Count Enable Parallel. Can be used to 

enable and inhibit c ount ing in high speed _ 

cascaded operation. CEP must be LOW to SCLR 
cou.nt. 

CET Count Enable Trickle. Enables the ripple OE 


Am25LS 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 
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Am26S and Am26LS 
Interface Family Index 
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Am26LS32 Quad Differential Line Receiver ... 10-28 

Am26LS32B Quad Differentia! Line Receiver RS-422/423 . 10-30 
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Use of the Am26LS29, 30,31 and 32 Quad Driver/Receiver Famiiy 

in RS-422/423 Appiications . . .10-33 

Am26LS34 Quad Differential Line Receiver, High Hysteresis . 10-45 

















Ain26S02 


Schottky Dual Retriggerable, Resettable Monostable Multivibrator 


Distinctive Characteristics 

• Advanced Schottky technology with PNP inputs 

• Retriggerable 0% to 100% duty cycle 

• 28ns to oo output pulse width range 

• 100kr2 maximum timing resistor value 


• Am26S02XM typical pulse width change of only 
1.0% over -55°C to +125°C with Rx = 100k^2. 

• Am26S02XC typical pulse width change of only 0.4% 
over 0°C to +70°C with Rx = lOOkO 


FUNCTIONAL 

The Am26S02 is a dual DC level sensitive, retriggerable, 
resettable monostable multivibrator built using advanced 
Schottky technology. The output pulse duration and ac¬ 
curacy depend on the external timing components of each 
multivibrator. The Am26S02 features PNP inputs to reduce 
the input loading. 

Provision is made on each multivibrator circuit for triggering 
the PNP inputs on either the rising or falling edge of an 
input signal by including an inverting and non-inverting 
trigger input. These PNP inputs are DC coupled making 
triggering independent of the input rise or fall time. Each 
time the monostable trigger input is activated from the OR 


DESCRIPTION 

trigger gate, full pulse length triggering occurs independent 
of the present state of the monostable. 

The direct clear PNP input allows a timing cycle to be 
terminated at any time during the cycle. A LOW on the 
clear input forces the Q output LOW regardless of the 
Iq or I”! inputs. 

The Am26S02XM has a typical pulse width change of only 
1.0% over the full military —55°C to +125°C temperature 
range and the Am26S02XC has a typical pulse width change 
of only 0.4% over the commercial 0°C to +70°C tempera¬ 
ture range with a Rx = lOOkJQ. 



ORDERING INFORMATION 


Package 

Temperature 

Order 

Type 

Range 

Number 

Molded DIP 

0°C to + 70°C 

AM26S02PC 

Hermetic DIP 

0°C to + 70°C 

AM26S02DC 

Dice 

0°C to + 70°C 

AM26S02XC 

Hermetic DIP 

“55°Cto+125°C 

AM26S02DM 

Hermetic Flat Pak 

-55°Cto+125''C 

AM26S02FM 

Dice 

-~55°C to+125°C 

AM26S02XM 



CONNECTION DIAGRAM 


''CC '1 '0 


15 14 13 12 11 10 


I • 2 3 4 5 6 7 1 Note; 

□ U U U U'TI .0"''lJ Pin 1 

Cx Rx''*-x h 'o Q ° orientation. 
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Am26S02 

MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

-0.5 V to +7 V 

DC Voltage Applied to Outputs for HIGH Output State 

—0.5 V to +Vcc Riax. 

DC Input Voltage 

-0.5 V to +5.5 V 

DC Output Current, Into Outputs’ 

30 mA 

DC Input Current 

—30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Un less Otherwise Noted) 

Am26S02XC 7^^= 0°C to+70°C Vcc = 5.0 V ± 5% (COM'L) MIN. = 4.75 V MAX. = 5.25 V 

Am26S02XM - -55°C to +1 25°C Vcc = 5.0 V ± 10% (Ml L) MIN. = 4,5 V MAX. = 5.5 V 


Parameters Description Test Conditions (Note 1 ) Min. Typ.(Note 2 ) Max. Units 


VoH 

Output HIGH Voltage 

Vcc ~ MIN, Iqh ~ —2mA 

V|N = V|H or V||_ 

2.5 

2.8 


Volts 

VOL 

Output LOW Voltage 

Vj:^C = M'Nw IqL = 20mA 

V|N = V|H or V||_ 


0.38 

0.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH voltage 
for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW voltage 
for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min., I|(vi =-18mA 


-0.8 

-1.2 

Volts 

l|L 

(Note3) 

Input LOW Current 

Vcc = MAX., V|N = 0.5V 


-0.15 

-0.4 

mA 

•IH 

(Note 3) 

Input HIGH Current 

Vcc = max., V|N= 2.7V 


0.1 

20 

mA 


Input HIGH Current 

Vcc = max., V|n = 5.5V 



1.0 

mA 

‘sc 

Output Short Circuit Current 
(Note 4) 

Vcc = MAX., VquT'^I OV 

TA = 25°COnly 

-8 

-15 

-35 

mA 

•cc 

Power Supply Current 

Vcc = 5.0 V, 1 1 X = 0.33 mA (Notes 5-& 6) 


48 

69 

mA 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0 V, 25°C ambient and maximum loading. 

3. Actual input currents = Unit' Load x Input Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Iqc 's f^^^sured with pin 5 and 11 grounded and 1 1 X applied to pins 2 and 14, 

6. I|x is current into the Rx^x node to simulate R^- 


Switching Characteristics (Ta = +25°C) 


Parameters Description Test Conditions Min. Typ. Max. Units 


tPLH 

iQtoO 

Vcc = 5.0 V, RL = 280n, Cl= 15pF, 

Rx = 5kr2, Cx=0pF 


13 

20 

ns 

tpHL 

Iq to Q 


15 

23 

ns 

tPLH 

H to Q 


12 

20 

ns 

tPHL 

H to Q 


12 

20 

ns 

tPLH 

Clean to Q 


21 


ns 

tPHL 

Clear to Q 


9 

13 

ns 

*pw 

Pulse Width 

To HIGH or H LOW 

20 

10 


ns 

To LOW or H high 

16 

7 


ns 

Clear LOW 

24 

16 


ns 

ts 

Clear Recovery (inactive) to Trigger 

-10 

-22 


ns 

'pw^ 

(Min.) 

Minimum Pulse Width Q Output 

Vcc = 5.0 V, Rx = 5.0 ka. Cx = 0 pF 

Rl = 1.0 

27 

33 

39 

ns 

1 

D 

Pulse Width Q Output 

Vcc = 5.0 V, Rl = 280 ^2, Cl = 1 5 pF 

Rx = 10 kI2, Cx = 1000 pF (CK05 Type) 

3.23 

3.42 

3.61 

MS 

Rx 

Timing Resistor 

0°C to 70°C 

5 


100 

kO 

-55°Cto+125°C 

1 5 


50 
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Am26S02 


DEFINITION OF FUNCTIONAL TERMS: 

Cd Asynchronous direct CLEAR. A LOW on the clear in¬ 
put resets the monostable regardless of the other inputs. 

Tq Active-LOW input. With 1^ LOW, a HIGH-to-LOW 
transition will trigger the monostable. 

1^ Active-HIGH input. With Tq HIGH, a LOW-to-HIGH 
transition will trigger the monostable. 

Q TheTRUE monostable output. 

Q The Complement monostable output. 


FUNCTION TABLE 


INPUTS I 

OUTPUTS 

Cd 

'i 

•o 

Q 

Q 

L 

X 

X 

L 

H 

H 

H 

X 

L 

H 

H 

L 

; 

_n_ 

“LT 

H 

X 

L 

L 

H 

H 

t 

H 

XL 

“LT 


H = HIGH 
L = LOW 

t = LOW-to-HIGH Transition 
4 = HIGH-to-LOW Transition 

JT. = LOW-HIGH-LOW Pulse 
“LT = HIGH-LOW-HIGH Pulse 
X = Don't Care 


LOADING RULES (In Unit Loads) 

Fan-out 


Input/Output 

Input 

Pin No/s Unit Load 

Output 

HIGH 

Output 

LOW 

Cx 

Mono 1 1 

- 


- 

Rx/Cx 

2 

- 

- 

- 

Cd 

3 

0.4 

- 


h 

4 

0.4 

- 

- 

•o 

5 

0.4 

- 

- 

Q 

6 

- 

40 

10 

Q ' 

f ^ 

- 

40 

10 

GND 


8 

- 

_ 

- 

Q 

Mono 2 9 

- 

40 

10 

Q 

10 

- 

40 

10 

^0 

11 

0.4 

- 

- 

h 

12 

0.4 

- 

- 

Cd 

13 

0.4 

- 

- 

Rx/Cx 

14 

- 

- 

- 

Cx 1 

■ 15 

- 

- 

- 

Vcc 


16 

- 

- 

- 


A Schottky TTL Unit Load is defined as 50juA measured at 2.7V 
HIGH and -2.0mA measured at 0.5V LOW. 


Typical Normalized 
Output Pulse Width 
Versus Case Temperature 


Normalized Output Pulse Width 
Versus Operating Duty Cycle 



-60 -20 0 20 60 80 100 
Tc - CASE TEMPERATURE - °C 


T;s^ = 25“C 

Vcc = 5.0V 

Rv = 10kI2 







Cx 

= 1 

000 

3F 



















J 









0 10 20 30 40 50 60 70 80 90 100 
OPERATING DUTY CYCLE - % 


Typical Normalized 
Output Pulse Width 
Versus Supply Voltage 



Vcc - SUPPLY VOLTAGE - VOLTS 


Output Pulse Width Versus 
External Timing Capacitance 



Cx - EXTERNAL TIMING CAPACITANCE - pF 


Metallization and Pad Layout 



GND 

DIE SIZE 0.062" X 0.071" 
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Am26S02 

OPERATION RULES 

TIMING 

1.' Timing components and values. 


Operating Temperature Range 



0°C to 70°C 

-55°C to +125°C 

RxMlN. 

Rx MAX. 

Cx 

5k^2 

lOOkfi 

any value 

Bkn 

50kl2 

any value 


2. Remote adjustment of timing. 


6. Protection of electrolytic timing capacitors. 

If the electrolytic capacitor to be used as Cx cannot withstand 
1.0 volt reverse bias, one of the two circuit techniques shown 
below should be used to protect the electrolytic capacitor 
from the reverse voltage. The accuracy of the pulse width may 
be dependent on the diode (transistor) characteristics. 

The output pulse width. tpwQ for the diode circuit modifies 
the previous timing equation as follows: 

/ 0.13\ 

tpwQ = 0.26 Cx Rx y ^ p J 

The output pulse width for the transistor pircuit is 



Ri + R2=Rx 

Rl^R^MIN. 

R2<RxMAX.-R- j ^ 

In the above arrangement, R-) and should be as close as pos¬ 
sible to the device pins to minimize stray capacitance and ex¬ 
ternal noise pickup. The variable resistor R 2 can be located 
remotely from the device If reasonable care is used. 

3. Pulse width change measurements. 

The pulse width tpwQ is specified and measured with compo¬ 
nents of better than 0.1% accuracy. If measurements are made 
with reduced component tolerances, the expected accuracy 
should be adjusted accordingly. Note that pulse width tempera¬ 
ture stability improves as Rx increases, 

4. Timing for < 1000 pF. 

When using capacitor of less than or equal to 1000 pF in value, 
the output pulse width should be determined from the output 
pulse width versus external timing capacitance graph. 


/ 0.16\ 
tpwQ = 0-21 Cx Rx n + J 

Notice that the transistor circuit allows values of timing re¬ 
sistor R 2 larger than the Rj^ MIN. < Rj^ < R^ MAX. to obtain 
longer output pulse widths for a given C^. 

TRIGGER AND RETRIGGER 

1. Triggering. 

The minimum- pulse width signal into input Iq or input I-) to 
cause the device to trigger is 20ns. Refer to the truth table 
for the appropriate Input conditions. 

2. Retriggering. 

The retriggered pulse width, tpy^j-Q, is the time during which 
the output Is active after the device is retriggered during a 
timing cycle. It differs from the initial pulse width tp^Q 
timing equation as follows. 

tpwr^ = l^pw^ I^PLH 

where tpLn is the propagation delay time from the Iq or l-j 
input to the output. Note that tpm 's typically 14ns and 
therefore becomes relatively unimportant as tp^^Q increases. 

3. Rapid retriggering. 


5. Timing for Cx > 1000 pF. 


For capacitors of greater than 1000 pF in value, the output 
pulse width, tp^^Q, is determined by 


l^pw^ “ 0.30 Cx Rx 



) 


where 


Rx is in kilohms 
Cx is in picofarads 
tpyyQ is in nanoseconds 



TOCx 

TERMINAL 


Vcc 

Iri 


VT- Di = 1N3064 0R 
EQUIVALENT 

OTO Rx/Cx terminal 



Rl < 0 . 6 x Rx MAX. 


R2<0.7 xhpEQi X 


A minimum retriggering time does exist. That is, the device 
cannot be retriggered until a minimum recovery time has 
elapsed. The minimum retrigger time is approximately. 

^retrig MIN. = 0.2 Cx 
C is in picofarads 
t is in nanoseconds 




L- 

OUTPUT WITHOUT/^ 
RETRIGGER 


jT_rL 


INITIAL . RETRIGGER 
TRIGGER PULSE 

PULSE 


CLEAR 

A LOW on the clear Inputs terminates the timing cycle, 
A new trigger cycle cannot be initiated while the clear is 
LOW. With the clear HIGH, the device is under the com¬ 
mand of the l-j and Iq inputs. 
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Ann26S10«Am26S11 


Quad Bus Transceivers 


Distinctive Characteristics 

• Input to bus is inverting on Am26S10 

• Input to bus is non-inverting on Am26S11 

• Quad high-speed open collector bus transceivers 

• Driver outputs can sink 100mA at 0.8V maximum 


• Bus compatible with Am2905, Am2906, Am2907 

• Advanced Schottky processing 

• PNP inputs to reduce input loading 


FUNCTIONAL DESCRIPTION 

The Am26S10 and Am26S11 are quad Bus Transceivers 
consisting of four high-speed bus drivers with open-collector 
outputs capable of sinking 100mA at 0.8 volts and four 
high-speed bus receivers. Each driver output is connected 
internally to the high-speed bus receiver in addition to being 
connected to the package pin. The receiver has a Schottky 
TTL output capable of driving ten Schottky TTL unit 
loads. 

An active LOW enable gate controls the four drivers so 
that outputs of different device drivers can be connected 
together for party-line operation. The enable input can 
be conveniently driven by active LOW decoders such as 
the Am25LS139. 

The bus output high-drive capability in the LOW state 
allows party-line operation with a line impedance as low 
as 100L2. The line can be terminated at both ends, and still 
give considerable noise margin at the receiver. The receiver 
typical switching point is 2.0 volts. 

The Am26S10 and Am26S11 feature advanced Schottky 
processing to minimize propagation delay. The device 
package also has two ground pins to improve ground current 
handling and allow close decoupling between Vqc and 
ground at the package. Both GNDi and GND 2 should be 
tied to the ground bus external to the device package. 

ORDERING INFORMATION 


LOGIC SYMBOLS 


Package 

Type 

Temperature 

Range 

Am26S10 

Order 

Number 

Am26S11 

Order 

Number 

Molded DIP 

0°C to +70°C 

AM26S10PC 

AM26S11PC 

Hermetic DIP 

0°C to -i-70°C 

AM26S10DC 

AM26S11DC 

Dice 

0°C to +70°C 

AM26S10XC 

AM26S11XC 

Hermetic DIP 

-55°Cto+125°C 

AM26S10DM 

AM26S11DM 

Hermetic Flat Pack 

-55°Cto+125°C 

AM26S10FM 

AM26S11FM 

Dice 

-55°Cto +125°C 

AM26S10XM 

AM26S11XM 


E Iq li I2 I3 


E iQ h >2 '3 

zo 

-3 

Zo 

Am26S10 

-6 

Am26S11 Zi 

QUAD Zp 

-10 

QUAD Zp 

TRANSCEIVER , 


TRANSCEIVER 

Z3 

-14 

Z3 

Bq Bi B 2 B3 


Bq Bi Bp 63 


Vqc = 

GND-i = Pin 1 
GND 2 = Pin 8 


LOGIC DIAGRAMS 



23 LIC-372 


CONNECTION DIAGRAMS 
Top Views 

'^CC ®3 ^3 '3 E '2 ^2 ®2 '^CC ®3 ^3 '3 E '2 ^2 ®2 

nnnnnnnn nnnnnnnn 

16 15 14 13 12 11 10 all 16 15 14 13 12 11 10 9 


2 3 4 5 6 7 8 


2 3 4 5 6 7 


Ui Bo 4o iQ '1 2, 


Zi Bi GNDn GND. 



Note: Pin 1 is marked for orientation. 


Zq z^ Z2 Z 3 LIC-373 






Am26S10 • Artt?6S11 

MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Terpperature 

-65°Cto+150''C 

Temperature (Ambient) Under Bias 

-55°Cto+125‘’C 

Supply Voltage to Ground Potential 

-0.5VtG+7V 

DC Voltage Applied to Outputs for High Output State 

—0.5V to +Vcc nnax. 

DC Input Voltage 

-0.5V to +5.5V 

Output Current, Into Bus 

200 mA 

Output Current, Into Outputs (Except Bus) 

30 mA 

DC Input Current 

—30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 

Am26S10XC, Am26S11XC = 0°C to+70°C Vqc = 5.0 V ±5% (COM'L) MIN. = 4.75V MAX. = 5.25V 

Am26S10XM, Am26S11XM =-55°C to+1 25°C Vqc = 5.0 V ± 10% (Ml L) MIN. = 4.5V MAX. = 5.5V 


Parameters 

Description 

Test Conditions (Note i) 


Min. 

Typ. 

(Note 2) 

Max. 

Units 

VqH 

Output HIGH Voltage 

Vqq = MIN., Iq|-| = —1.0 mA 

MIL 

2.5 

3.4 


Volts 

(Receiver Outputs) 

Vim = V|L or V|H 

COM'L 

.2.7. 

3.4 


VoL 

Output LOW Voltage 
(Receiver Outputs) 

Vcc = M'Nw lOL = 20mA 

V|N = V||_ or V|H 



0.5 

, Volts 

V|H 

Input HIGH Level 
(Except Bus) 

Guaranteed input logical HIGH 
for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 
(Except Bus) 

Guaranteed input logical LOW 
for all inputs 



0.8 

Volts 

Vl 

Input Clamp Voltage 
(Except Bus) 

Vcc = ‘in = -18mA 



-1.2 

Volts 

•iL 

-1 

Input LOW Current 

Vcc = MAX., VjM =0.4V 

Enable 



-0.36 

mA 

(Except Bus) 

Data 



-0.54 

‘IH 

Input HIGH Current 

Vcc = max., V|M = 2.7V 

Enable 



20 

juA 

(Except Bus) 

Data 



30 

•l 

Input HIGH Current 
(Except Bus) 

Vcc = max., V|M = 5.5V 



100 

mA 

•sc 

Output Short Circuit Current 

Vcc = max. (Note 3) 

MIL 

-20 


-55 

mA 

(Except Bus) 

COM'L 

-18 


-60 

•CCL 

Power Supply Current 

Vcc = max. 

Am26S10 


45 

70 

mA 

(All Bus Outputs LOW) 

Enable = GND 

Am26S11 



80 


Bus Input/Output Characteristics 


Typ. 


Parameters 

Description 

Test Conditions (Note i) 

Min. 

(Note 2) 

Max. 

Units 





Iql ~ 40mA 


0.33 

0.5 





MIL 

Iql 70mA 


0.42 

0.7 


VOL 

Output LOW Voltage 

Vcc = min. 


Iql “ 100mA 


0.51 

0.8 

Volts 


• OL ^ 40mA 


0.33 

0.5 




COM'L 

Iql “ 70mA 


0.42 

0.7 






'OL ~ 1 00mA 


0.51 

0.8 






Vq = 0.8V 



-50 


•o 

Bus Leakage Current 

Vcc = max. 

MIL 

Vo = 4.5V 



200 

mA 




COM'L 

Vq = 4.5V 



100 


•off 

Bus Leakage Current (Power Off) 

Vq = 4.5V 



100 

mA 

Vth 

Receiver Input HIGH Threshold 

Bus Enable = 2.4V 

MIL 

2.4 

2.0 


Volts 

Vcc = max 


COM'L 

2.25 

2.0 


Vtl 

Receiver Input LOW Threshold 

Bus Enable = 2.4V 

MIL 


2.0 

1.6 

Volts 

Vcc = min 


COM'L 1 


2.0 

1.75 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqc = 5.0 V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Afn26S10 ^ Am26S11 


Switching Characteristics (Ta = +25 C, Vcc = 5.0V) 

Parameters Description Test Conditions Min. Tvp. Max. Units 


tPLH 


Am26S10 



10 

15 


tPHL 

Data Input to Bus 



10 

15 

ns 

tPLH 

Am26S11 



12 

19 

tPHL 


Rb = 5on 

Cb = 50pF (Note 1) 


12 

19 


tPLH 


Ann26S10 


14 

18 


♦PHL 

Enable Input to Bus 


.. 

13 

18 


tPLH 

Am26S11 



15 

20 


♦PHL 




14 

20 


'PLH 

Bus to Receiver Out 

RB = 50n, RL = 280n 


10 

15 

ns 

tPHL 

Cb = 50pF (Note 1), Cl = 15pF 


10 

15 

tr 

Bus 

Rb = 5012 

4.0 

10 


ns 


Bus 

Cb = 50pF (Note 1) 

2.0 

4.0 


ns 
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Am 26 S 12 *Am 26 S 12 A 

Quad Bus Transceiver 


Distinctive Characteristics 

• Quad high-speed bus transceivers • Choice of receiver hysteresis characteristics 

• Driver outputs can sink 100mA at 0.7 V typically 


FUNCTIONAL DESCRIPTION 


The Am26S12 • Am26S12A are high-speed quad Bus Transceivers con¬ 
sisting of four high-speed bus drivers with open-collector outputs 
capable of sinking 100mA at 0.7 volts and four high-speed bus receivers. 
Each driver output is brought out and also connected internally to the 
high-speed bus receiver. The receiver has an input hysteresis charac¬ 
teristic and a TTL output capable of driving ten TTL Loads. 

An active LOW, two-input AND gate controls the four drivers so that 
outputs of different device drivers can be connected together for party¬ 
line operation. The enable inputs can be conveniently driven by active 
LOW decoders such as the Am54S/74S139. 

The high-drive capability in the LOW state allows party-line operation 
with a line impedance as low js lOOfi. The line can be terminated at 
both ends, and still give con.,iderable noise margin at the receiver. The 


hysteresis characteristic of the Am26S12 receiver is chosen so that the 
receiver output switches to a HIGH logic level when the receiver input 
is at a HIGH logic level and moves to 1.4 volts typically, and switches 
to a LOW logic level when the receiver input is at a LOW logic level and 
moves to 2.0 volts typically. This hysteresis characteristic makes the 
receiver very insensitive to noise on the bus. 

The Am26S12A is functionally identical to the Am26S12 but has a 
different hysteresis characteristic so that the output switches with the 
input being typically at 1.2 volts or 2.25 volts. In both devices 
the threshold margin, the difference between the switching points, is 
greater than 0.4 volts. 


LOGIC DIAGRAM/SYMBOL 


y 6 


t t t t 


7 9 

a 


I Am26S12« Am26S12A Zi 
QUAD 

TRANSCEIVER ^ 
^3 


TTTT 

1 4 12 15 


Vpp = PIN 16 



ORDERING INFORMATION 


CONNECTION DIAGRAM 



Am26S12 

Am26S1 2 A 

Top View 

Package 

Temperature 

Order 

Order 


Type 

Range 

Number 

Number 


Molded DIP 

0°C to +75° C 

AM26S12PC 

AM26S12APC 

nnnnnnnn 

Hermetic DIP 

0°Cto+75°C 

AM26S12DC 

AM26S12ADC 

i 16 15 14 13 12 11 10 9 


Dice 

0°C to +75° C 

AM26S12XC 

AM26S12AXC 

1 


Hermetic DIP 

-55°Cto+125°C 

AM26S12DM 

AM26S12ADM 

s 


Flat Pak 

-55°Cto +125°C 

AM26S12FM 

AM26S12AFM 



Dice 

-55°Cto +125°C 

AM26S12XM 

AM26S12AXM 

• 






1 1 2 3 4 5 6 7 8 






uuuuuuuu 

*0 ^0 ^ h Zi E GND 





Note: Pin 1 is marked for orientation. LIC-382 
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Am26S12 • Am26S12A 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

-0.5V to +7V 

DC Voltage Applied to Outputs for High Output State 

—0.5V to +Vcc 

DC Input Voltage 

-0.5V to +5.5V 

Output Current, Into Outputs (BUS) 

200mA 

Output Current, Into Outputs (Receiver) 

30mA 

DC input Current 

-30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Am26S12XC-Am26S12AXC = 0°C to+75°C = 5.0V ±5% (COM Range) 

Am26Sl2XM-Am26S12AXM = -55"G to+1 25°C = 5.0V ± 10% (MlL Range) Note 1 


Parameters 

Description 

Test Conditions 

Min. 

Typ. (Note 2) 

Max. 

Units 

•cc 

Power Supply Current I 

Vcc =.MAX. 


46 

70 

1 

mA 

•bus 

Bus Leakage Current 

Vcc = MAX. orOV; 

VbuS “ 4.0V; Driver in OFF State 



100 

luA 


Driver Characteristics 


VoL 

(Note 1) 

Output LOW Voltage 

Vcc = min. 

V||v| = V|H or ViL 

COM'L 

*OL 100mA 


0.7 

0.8 

Volts 

MIL 

Iql ~ 60mA 


0.55 , 

0.7 

Volts 

'OL ” 100mA 


0.7 

0.85 

V|H 

Input HIGH Voltage 


2.0 



Volts 

V|L 

Input LOW Voltage 




0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min., I|N = -18mA 



-1.2 

Volts 

‘1 

Input Current 
at Maximum Input Voltage 

Vcc^MAX.. V| =5.5V 



1.0 

mA 

•IH 

Unit Load 

Input HIGH Current 

Vcc = max., V| = 2.4V 


1.0 

40 

mA 

•IL 

Unit Load 

Input LOW Current 

Vcc max., V| = 0.4V 


-0.4 

-1.6 

mA 


Receiver Characteristics 


VOH 

Output HIGH Voltage 

Vcc ~ min., Iqh “ “SOOjuA 
'^IN '^IL (Receiver) 

2.4 



Volts 

VOL 

Output LOW Voltage 

Vcc ~ min., Iql ~ 20mA 

V|N = V(L (Receiver) 


0.4 

0.5 

Volts 

VlH 

Input HIGH Level Threshold 

E = H 

Am26S12 

1.8 

2.0 

2.2 

Volts 

Am26S12A 

2.05 

2.25 

2.45 

V|L 

Input LOW Level Threshold 

E = H 

Am26S12 

1.2 

1.4 

1.6 

Volts 

Am26S12A 

1.0 

1.2 

1.4 

VjM 

Input Threshold Margin 

E = H 

0.4 



Volts 

•os 

Output Short Circuit Current 

Vcc = max., VquT = o.ov 

-20 


-55 

mA 


Notes: 1, For the Am26S12FM, Am26S12AFM the output current must be limited at 60mA or the maximum case temperature limited to 125°C for correct 
operation. 

2. Typical limits are at Vqc ~ 5.0 V, 25"c ambient and maximum loading. 


Switching Characteristics (Ta = 25°C, Vcc = 5.0V) 


Parameters Description Conditions Min. Typ. Max. Units 


tPLH 

Turn Off Delay Input to Bus 

Clb ~ 15pF» RlB ~ 10012 


7 

11 

ns 

tPHL 

Turn On Delay Input to Bus 

Clb ~ 300pF, RlB “ 


14 

21 

ns 

tPLH 

Turn Off Delay Enable to Bus 

Clb “ i5pF, Rlb “ 5012 


10 

15 

ns 

^PHL 

Turn On Delay Enable to Bus 

Clb “ 15pF, Rlb “ 5012 


10 

15 

ns 

i 

IPLH 

Turn Off Delay Bus to Output 

Cl = 15pF 


18 

26 

, ns 

IPHL 

Turn On Delay Bus to Output 

Cl = 15pF 


18 

26 

ns 
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Ain26S12 • Ani26Sl2A 


Am26S12/26S12A APPLICATION 


1/2Am54S/74S139 
0 1 2 3 


E 'oh' 

>3 


E Iq I, l2 I3 


E ll I2 lo '3 


E lo h I2 I3 


20 

— 

2o 

— 

2o 

— 

2o 


Zl 

- RECEIVER 

2l 

- RECEIVER 

2, 

- RECEIVER 

2l 

Am26S12/26S12A 

22 

_ OUTPUTS 

Am26S12/26S12A 

_ OUTPUTS 

Ai-n26S12/26S12A 

_ OUTPUTS 

Am26S12/26S12A ^3 


23 

— 

23 

— 

23 

— 

23 

Bo Bi B2 E 

*3 


Bq Bi B 2 B3 


Bq Bi B 2 B3 


Bq Bi B 2 B3 


00« PARTY-LINE OPERATION. 








Am26LS27 • Am26LS28 

Dual EIA RS-aaa Party Line Transceivers 


Am26LS27 FEATURES 

• Dual EIA RS-aaa party line transceiver 

• 5MHz max. baud rate 

• Drives dual terminated twisted pair line with up to 32 
transceivers on line 

• Output short circuit protected to Vcm limits 

• High Z output at Vcc = max. and zero 

• Separate enable gating for serial applications 

CONNECTION DIAGRAM 
Top View 


Am26LS27 LOGIC DIAGRAM 




Note: Pin 1 is marked for orientation 


Am26LS28 FEATURES 

• Dual EIA RS-aaa party line transceiver 

• 5MHz max. baud rate ^ 

• Drives dual terminated twisted pair H 

transceivers on line ^ ^ 

• Output short circuit oroter^^ ^^ ^ 

• High Z output at 

• Latch on inputs and comr^Rnat 

application 

• Three-stay^K?^®|it^Mll^ommon en 



1i 


Note: Pin 1 is marked for orientation 
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Am26LS29 

Quad Three-State Single Ended RS-423 Line Driver 


DISTINCTIVE CHARACTERISTICS 

• Four single ended line drivers in one package for maximum 
package density 

• Output short-circuit protection 

• Individual rise time control for each output 

• High capacitive load drive capability 

• Low Ice and Iee power consumption (26mW/driver typ.) 

• Meets all requirements of RS-423 

• Three-state outputs for bus oriented systems 

• Outputs do not clamp line with power off or in hi-impedance 
state over entire transmission line voltage range of RS-423 

• Low current PNP inputs compatible with TTL, MOS and CMOS 

• Available in military and commercial temperature range 

• Advanced low power Schottky processing 


FUNCTIONAL DESCRIPTION 

The Am26LS29 is a quad single ended line driver, designed for 
digital data transmission. The Am26LS29 meets all the require¬ 
ments of EIA Standard RS-423 and Federal STD 1030. It features 
four buffered outputs with high source and sink current, and 
output short circuit protection. 

A slew rate control pin allows the use of an external capacitor to 
-control slew rate for suppression of near end cross talk to receiv¬ 
ers in the cable. 

The Am26LS29 has three-state outputs for bus oriented systems. 
The outputs in the hi-impedance state will not clamp the line over 
the transmission line voltage of RS-423. A typical full duplex 
system would use the Am26LS29 line driver and up to twelve 
Am26LS32 line receivers or an Am26LS32 line receiver and up to 
thirty-two Am26LS29 line drivers with only one enabled at a time 
and all others in the three-state mode. 

The Am26LS29 Is constructed using advanced low-power 
Schottky processing. 


LOGIC DIAGRAM 



ORDERING INFORMATION 


CONNECTION DIAGRAM 


Top View 


Package Temperature Order 

Type Range Number 


Hermetic DIP 
Hermetic Flat Pak 
Dice 

Hermetic DIP 
Molded DIP 
Dice 


55°C to +125°C 
55°C to -h125°C 
■55°C to -M25°C 
0°C to +70X 
0°C to +70°C 
0°C to -f 70"C 


AM26LS29DM 

AM26LS29FM 

AM26LS29XM 

AM26LS29DC 

AM26LS29PC 

AM26LS29XC 


VccC 
INPUT A 
INPUT B Q 
ENABLE 
GND [“ 
INPUT C 
INPUT D Q 
'^EE C 


—J CONTROL A 
3] OUTPUT A 
]][] OUTPUT B 
□ 

□ 

OUTPUT C 
^ OUTPUT D 

□ SLEW RATE 
CONTROL D 


SLEW RATE 
CONTROL B 
SLEW RATE 
CONTROL C 


Note: Pin 1 is marked for orientation. 
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Am26LS29 


ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150®C 

Supply Voltage 


V+ 

7.0V 

V- 

-7.0V 

Power Dissipation 

eoomw 

Input Voltage 

-0.5 to+15.0V 

Output Voltage (Power Off) 

±15V 

Lead Soldering Temperature (10 seconds) 

300° C 


ELECTRICAL CHARACTERISTICS over the operating temperature range 
The foMowing conditions apply unless otherwise specified: 

Am26LS29XM (MIL) = -55°C to +125°C Vcc = 5.0V +10. -5%, = -5.0V -10, +5% 

Am26LS29XC (COM'L) = 0°C to+70°C Vcc = 5.0V ±5%, VgE =-5.0V ±5% 


DC CHARACTERISTICS over the operating temperature range (Notes 1 and 2) 


Typ. 


Parameters 

Description 

Test Conditions 

Min. 

(Note 1) 

Max. 

Units 

Vo 

Output Voltage 

Rl= ~ (Note 3) 

V|N = 2.4V 

4.0 

4.4 

6.0 

Volts 

Vo 

ViN =0.4V 

-4.0 

-4.4 

-6.0 

Volts 

Vt 

Output Voltage 

Rl 450S2 

V|M = 2.4 V 

3.6 

4.1 


Volts 

Vt 


V|N = 0.4V 

-3.6 

-4.1 


Volts 

1 

l> 

1 

Output Unbalance 

IvccI = IveeL Rl = 45on 


0.02 

0.4 

Volts 

'x+ 

Output Leakage Power Off 

Vcc = Vee = ov 

Vq = 10V 


2.0 

100 

mA 

•x- 

Vo = -10V 


-2.0 

-100 

fxA 

'8+ 

Output Short Circuit Current 

< 

o 

o 

< 

V||sj = 2.4V 


-70 

-150 

mA 

•s- 

V|N = 0.4V 


60 

150 

mA 

*Slew 

Slew Control Current 

VSLEW = Vee + 0.9V 


±110 


HA 

'cc 

Positive Supply Current 

V|M = 0.4V, Rl = 


18 

30 

mA 

'EE 

Negative Supply Current 

V|N =0.4V. Rl = «> 


-10 

-22 

mA 

•o 

Off State (High Impedance) 

Vcc = MAX. 

Vo 10V 


2.0 

100 

HA 

Output Current 

Vo = -10V 


-2.0 

-100 

IjLA 

V|H 

High Level Input Voltage 


2.0 



Volts 

V|L 

Low Level Input Voltage 




0.8 

Volts 

'IH 

High Level Input Current 

Vim = 2.4V 


1.0 

40 

mA 

V|N < 15V 


10 

100 

JuA 

1|L 

Low Level Input Current 

V|N = 0.4V 


-30 

-200 

mA 

V| 

Input Clamp Voltage 

l||\l = -12mA 



-1.5 

Volts 


Notes: 1. Typical limits are at Vcc = 5.0V, Vg^ = -5.0V, 25°C ambient and maximum loading, 

2. Symbols and definitions correspond to EIA RS-423 where applicable. 

3. Output voltage is +3.9V minimum and -3.9V minimum at -55°C. 



AC CHARACTERISTICS 

Vcc = 5.0V, Vee = -5.0V, Ta = 25°C 

Typ. 


Parameters 

Description 

Test Conditions 

Min. 

(Note 1) 

Max. 

Units 


Rise Time 

Rl = 450a, Cl = 500pF, Fig. 1 

Cc = 50pF 


3.0 


/LtS 

h 

LL 

O. 

O 

II 

o 

o 


120 

300 

ns 

tf 

Fall Time 

Rl = 450ft, Cl = 500pF, Fig. 1 

Cc = 50pF 


3.0 


fjLS 

u. 

Q. 

O 

11 

o 


120 

300 

ns 

Src 

Slew Rate Coefficient 

Rl = 450ft, Cl = 500pF, Fig. 1 


.06 


/±s/pF 

tiz 


Rl = 450ft, Cl = 500pF, Cq = OpF, Fig. 2 


180 

300 


tHZ 

Output Enable to Output 


250 

350 

ns 

tZL 

Rl = 450ft, Cl = 500pF, Cq = OpF, Fig. 2 


250 

350 

tZH 



180 

300 
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Slew Rate (Rise or Fall Time) 
Versus External Capacitor 
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Am26LS30 

Dual Differential RS’4Z2 Party Line/Quad Single Ended RS-423 Line Driver 


DISTINCTIVE CHARACTERISTICS 

• Dual RS-422 line driver or quad RS-423 line driver 

• Driver outputs do not clamp line with power off or in 
hi-impedance state 

• Individually three-state drivers when used in differential mode 

• Low Ice and Igg power consumption 

RS-422 differential mode 35mW/driver typ. 

RS-423 single-ended mode 26mW/driver typ. 

• Individual slew rate control for each output 

• 50ft transmission line drive capability (RS-422 into virtual 
ground) 

• Low current PNP inputs compatible with TTL, MOS and CMOS 

• High capacitive load drive capability 

• Exact replacement for DS16/3691 

• Advanced low power Schottky processing 


FUNCTIONAL DESCRIPTION 

The Am26LS30 Is a line driver designed for digital data transmis¬ 
sion. A mode control input provides a choice of operation either as 
two differential line drivers which meet all of the requirements of 
EIA Standard RS-422 or four independent single-ended RS-423 
line drivers. 

In the differential mode the outputs have individual three-state 
controls. In the hi-impedance state these outputs will not clamp 
the line over a common mode transmission line voltage of ± 10V. 
A typical full duplex system would be the Am26LS30 differential 
line driver and up to twelve Am26LS32 line receivers or an 
Am26LS32 line receiver and up to thirty-two Am26LS30 differen¬ 
tial drivers. 

A slew rate control pin allows the use of an external capacitor to 
control slew rate for suppression of near end cross talk to receiv¬ 
ers in the cable. 

The Am26LS30 is constructed using Advanced Low Power 
Schottky processing. 


Logic for Am26LS30 with 
Mode Control HIGH (RS-423) 


LOGIC DIAGRAMS 



SR CONTROL A 


SR CONTROL B 


SR CONTROL C 


SR CONTROL D 


GROUND - 

Vee - 


Logic for Am26LS30 with 
Mode Control LOW (RS-422) 



INPUT D 


ENABLE C 

Vec 

GROUND 

Vee 



SR CONTROL A 
OUTPUT A 
OUTPUT B 
SR CONTROL B 
SR CONTROL C 
OUTPUTC 
OUTPUT D 
SR CONTROL D 


MODE 

CONTROL 


ORDERING INFORMATION 


CONNECTION DIAGRAM - Top View 


Package 

Type 

Hermetic DIP 
Hermetic Flat Pak 
Dice 

Hermetic DIP 
Molded DIP 
Dice 


Temperature 

Range 

-55°Cto +125°C 
-55°Cto +125°C 
-55°C to -H125°C 
0°C to +70°C 
0°C to +70°C 
OX to -I-70°C 


Order 

Number 

AM26LS30DM 

AM26LS30FM 

AM26LS30XM 

AM26LS30DC 

AM26LS30PC 

AM26LS30XC 


Vec [Z 
INPUT A \Z 
INPUT/ENABLE B 


Note; 

Pin 1 is marked 
for orientation. 




□ SLEW RATE 
CONTROL A 

Z] OUTPUT A 

^ OUTPUT B 

SLEW RATE 
CONTROL B 

□ SLEW RATE 
CONTROL C 

OUTPUT C 
Z] OUTPUT D 

■1 SLEW RATE 
J CONTROL D 


BLI-005 
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ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 

Am26LS30 

Storage Temperature 

-65°Cto+150^C 

Supply Voltage 

V+ 

7.0V 

V- 

-7.0V 

Power Dissipation 

eoomw 

Input Voltage 

-0.5 to+15.0 V 

Output Voltage (Power Off) 

±15V 

Lead Soldering Temperature (10 seconds) 

300° C 


ELECTRICAL CHARACTERISTICS over the operating temperature range 
The Following Conditions Apply Unless Otherwise Specified: 

Am26LS30XM (MIL) =-55°C to+125°C Vcc = 5-OV ±10%, Vee == GND 

Am26LS30XC (COM'L) = 0°C to+70°C Vcc = 5.0V ±5%, VgE = GND 

El A RS-422 Connection, Mode Voltage = 0.8 V 

DC CHARACTERISTICS over the operating temperature range 

Typ. 


Parameters 

Description 

Test Conditions (Note 3) 

Min. 

(Note 1) 

Max. 

Units 

Vo 

Differential Output Voltage, V^^ 3 

Rl = 00 

V|N = 2.0V 


3.6 

6.0 

Volts 

Vo 

V|isi = 0.8V 


-3.6 

-6.0 

Volts 

Vt 

Differential Output Voltage, V/\^ 3 

Rl = icon 

V|N = 2.0V 

2.0 

2.4 


Volts 

Vt 

V|N =0.8V 

-2.0 

-2.4 


Volts 

Vos^ Vqs 

Common Mode Offset Voltage 

Rl = 100J2 


2.5 

3.0 

Volts 

< 

H 

1 

H 1 

Difference in Differential Output Voltage 

Rl = 10012 


0.005 

0.4 

Volts 

Ivosi - |VoS 1 

Difference in Common Mode Offset Voltage 

Rl = loott 


0.005 

0.4 

Volts 

Vss 

IVy-VTl 

Rl = loon 

4.0 

4.8 


Volts 

VcMR 

Output Voltage Common Mode Range 

Venable = ^-^v 

±10 



Volts 

'XA 

Output Leakage Current 

Vcc = ov 

VcMR lOV 



100 

mA 

•XB 

VcMR = -lOV 



-100 

mA 

'ox 

Off State (High Impedance) 

Vcc = I^AX. 

VcMR < 10V 



100 

HA 

Output Current 

VcMR > -lOV 



-100 

nA 



V|N = 2.4V 

VoA = 6.0V 


80 

150 

mA 

'SA. *SB 

Output Short Circuit Current 

VoB = 0V 


-80 

-150 

mA 

V|N = 0.4V 

VoA = OV 


-80 

-150 

mA 



VoB = 6.0V 


80 

150 

mA 

'cc 

Supply Current 



18 

30 

mA 

V|H 

High Level Input Voltage 


2.0 



Volts 

VlL 

Low Level Input Voltage 




0.8 

Volts 

l|H 

High Level Input Current 

V|N = 2.4V 


1.0 

40 

mA 



ViN < 15V 


10 

100 

mA 

l|L 

Low Level Input Current 

V|M = 0.4V 

. 

-30 

-200 

mA 

V| 

Input Clamp Voltage 

'in “ —12mA 



-1.5 

Volts 


AC CHARACTERISTICS 

EIA RS-422 Connection, Vcc = 5.0V, Vee = GND, Mode = 0.4V, Ta = 25X 

Typ. 


Parameters 

Description 

Test Conditions 

Min. 

(Note 1) 

Max. 

Units 

tr 

Differential Output Rise Time 

Fig. 2, Rl = 100a Cl = 500pF 


120 

200 

ns 

tf 

Differential Output Fall Time 

Fig. 2, Rl = 100a, Cl = 500pF 


120 

200 

ns 

IPDH 

Output Propagation Delay 

Fig. 2, Rl = 100ft, Cl = 500pF 


120 

200 

ns 

IPDL 

Output Propagation Delay 

Fig. 2, Rl = 100ft, Cl = 500pF 


120 

200 

ns 

tLZ 


— 

Rl = 450ft, Cl = 500pF, Cq = OpF, Fig. 3 


180 

300 


tHZ 

Output Enable to Output 


250 

350 

ns 

tZL 

Rl = 450ft, Cl = 500pF, Cc = OpF, Fig. 3 


250 

350 

tzH 


_1 

180 

300 



Notes: 1. Typical limits are at Vcc = 5.0V, Vee GND, 25°C ambient and maximum loading. 

2. Symbols and definitions correspond to EIA RS-422 where applicable. 

3. Rl connected between each output and its complement. 
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Am26LS30 

ELECTRICAL CHARACTERISTICS over the operating temperature range 
The following conditions apply unless otherwise specified: 

Am26LS30XM (MIL) =-55“C to+125®C Vcc = 5.0V ±10%, Vge =-5.0V ±10% 

Am26LS30XC (COM'L) Ta = 0°C to+70°C Vcc = 5.0V ±5%, V^g =-5.0V ±5% 

RS-423 Connection, Mode Voltage > 2.0V 


DC CHARACTERISTICS over the operating temperature range (Notes 1 and 2) 


Typ. 


Parameters 

Description 

Test Conditions 

Min. 

(Note 1) 

Max. 

Units 

Vo 

Output Voltage 

Rl = (Note 3) 
|Vcc|= |Vee| = 4.75V 

V|N = 2.4V 

4.0 

4.4 ^ 

6.0 

Volts 

Vo 

V|n = 0.4V 

-4.0 

-4.4 

-6.0 

Volts 

Vt 

Output Voltage 

RL=450n, 

V|N = 2.4V 

3.6 

4.1 


Volts 

Vt 

|VccI = |VeeI = ''.75V 

V|M = 0.4V 

-3.6 

-4.1 


Volts 

IvtI-IWI 

j Output Unbalance 

|Vccl=|VEELRL = 450n 


0.02 

0.4 

Volts 

'x+ 

Output Leakage Power Off 

VcC = Vee = 0V 

Vo = 6.0V 


2.0 

100 

mA 

'x- 

Vo = -6.0 V 


-2.0 

-100 

mA 

•s+ 

Output Short Circuit Current 

> 

o 

II 

o 

> 

V|N = 2.4V 


-80 



Is- 

V|n = 0.4V 


80 



•slew 

Slew Control Current 

VSLEW = Vee + 0.9V 


±140 


HBBH 

icc 

Positive Supply Current 

V|N =0.4V, Rl = ~ 


18 

30 

mA 

'EE 

Negative Supply Current 

Vi(M =0.4V, Rl = «« 

^ 1 

-10 

-22 

mA 

V|H 

High Level Input Voltage 


2.0 



Volts 

V|L 

Low Level Input Voltage 




0.8 

Volts 


High Level Input Current 

ViN = 2.4V 


1.0 


HKEHli 

V|N < 15V 


10 



l|L 

Low Level Input Current 

V|N = 0.4V 


-30 



V| 

Input Clamp Voltage 

l||\l = -12mA 



-1.5 

Volts 


Notes; 1. Typical limits are at Vqq = 5.0V, = -5.0V, 25°C ambient and maximum loading. 

2. Symbols and definitions correspond to EIA RS-423 where applicable. 

3. Output voltage is +3.9V minimum and -3.9V minimum at -55°C. 


AC CHARACTERISTidS 

RS-423 Connection, Vcc = 5.0V, Vee = -5.0V, Mode = 2.4V, Ta = 25‘’C 

Typ. 


Parameters 

Description 

Test Conditions 


Min. 

(Note 1) 

Max. 

Units 


Rise Time 

Fig. 1, Rl = 450ft. Cl = 500pF 

Cc = 50pF 


3.0 


flS 


O 

o 

II 

o 


120 

300 

ns 


Fall Time 

Fig. 1, Rl = 450ft. Cl = 500pF 

Cc = 50pF 


3.0 


JJLS 

ff 

O 

o 

II 

o 


120 

300 

ns 

Src 

Slew Rate Coefficient 

Fig. 1, Rl = 450ft, Cl = 500pF 


.06 


/-ts/pF 

fpDH 

Output Propagation Delay 

Fig. 1, Rl = 450ft, Cl = 500pF, Cc = 0 


180 

300 

ns 

tpDL 

Output Propagation Delay 

Fig. 1, Rl = 450ft, Cl = 500pF, Cq = 0 


180 

300 

ns 
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SWITCHING TIME WAVEFORMS AND AC TEST CIRCUITS 
FOR EIA RS-423 CONNECTION 


Am26LS30 


INPUT tr^lOns 



0.9VSS j— 

/ Vss 

O Wss ^ i 



Figure 1. Rise Time Control for RS-423. 

SWITCHING TIME WAVEFORMS AND AC TEST CIRCUIT 
FOR RS-422 CONNECTION 





*TEK CTR 

CURRENT TRANSF. 
OR EQUIVALENT 


♦Current probe is the easiest way to display a differential waveform. 


Figure 2. 



tpZLh--0.5 Vss/Rl 



TEK CTR 

CURRENT TRANSF. 
OR EQUIVALENT 


Figure 3. Three-State Delays. 














Am26LS30 


TYPICAL APPLICATION 



BLI-032 


Metallization and Pad Layout 


SLEW RATE 

INPUT A '^CC CONTROL A 

2 1 16 



DIE SIZE 0.070” X 0.094” 


10 
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Ann26LS31 

Quad High Speed Differential Line Driver 


distinctive characteristics 

• Output skew — 2.0ns typical 

• Input to output delay — 12ns 

• Operation from single +5V supply 

• 16-pin hermetic and molded DIP package 

• Outputs won't load line when Vcc = 0 

• Four line drivers in one package for maximum package 
density 

• Output short-circuit protection 

• Complementary outputs 

• Meets the requirements of El A standard RS-422 

• High output drive capability for 100^2 terminated trans¬ 
mission lines 

• Available in military and commercial temperature range 

• Advanced low-power Schottky processing 


FUNCTIONAL DESCRIPTION 

The Am26LS31 is a quad differential line driver, designed for 
digital data transmission over balanced lines. The Am26LS31 
meets all the requirements of EIA standard RS-422 and federal 
standard 1020. Is is designed to provide unipolar differential 
drive to twisted-pair or parallel-wire transmission lines. 

♦The circuit provides an enable and disable function common 
to all four drivers. The Am26LS31 features 3-state outputs 
and logical OR-ed complementary enable inputs. The inputs 
are all LS compatible and are all one unit load. 

The Am26LS31 is constructed using advanced low-power 
Schottky processing. 


LOGIC DIAGRAM 


_ INPUT 

ENABLE ENABLE D 


INPUT 

C 


INPUT INPUT 

B A 



LlC-352 


ORDERING INFORMATION 


CONNECTION DIAGRAM 


(Top View) 


Package 

Type 

Hermetic DIP 
Flat Pak 
Dice 

Hermetic DIP 
Molded DIP 
Dice 


Temperature 

Range 

-55°Cto+125°C 
-55°Cto -M25°C 
-55°Cto+125°C 
0°Cto+70°C 
O^'Cto +70°C 
0°Cto +70° C 


Order 

Number 

AM26LS31DM 

AM26LS31FM 

AM26LS31XM 

AM26LS31DC 

AM26LS31PC 

AM26LS31XC 



10-24 





ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 

Am26LS31 

Supply Voltage 

7.0V 

Input Voltage 

7.0V 

Output Voltage 

5.5V 

Storage Temperature Range 

-05°Cto-Fl50°C 


ELECTRICAL CHARACTERISTICS over the operating temperature range 
The following conditions apply unless otherwise specified: 


Am26LS31XM (MIL) 

Ta = -55°C to +125°C 

Vcc " 5V + 10% 





Am26LS31XC (COM'L) 

Ta = 0°C to +70°C 

Vcc = 5V ± 5% 


Typ. 



Parameters 

Description 

Test Conditions 

Min. 

(Note 1) 

Max. 

Units 


VOH 

Output HIGH Voltage 

Vqc ~ Min., Iqh ~ —20mA 

— 

2.5 

3.2 


Volts 

VOL 

Output LOW Voltage 

Vqc = Min., Iqi_ = 20mA 


0.32 

0.5 

Volts 

VlH 

Input HIGH Voltage 

Vqc “ Min, 

2.0 



Volts 

ViL 

Input LOW Voltage 

Vqc = Max. 



0.8 

Volts 

«IL 

Input LOW Current 

Vqc = Max., V|N = 0.4V 


-0.20 

-0.36 

mA 

•iH 

Input HIGH Current 

Vqc = Max., V|n = 2.7V 


0.5 

20 

mA 

•1 

Input Reverse Current 

Vqq = Max., V||\i = 7.0V 


0.001 

0.1 

mA 

'0 

Off-State (High Impedance) 
Output Current 

Vqq = Max. 

Vo = 2.5 V 


0.5 

20 

ma 

Vo = 0.5V 


0.5 

-20 

V| 

Input Clamp Voltage 

Vqq = Min., I |[\i = 18mA 


I 

0 

03 

-1.5 

Volts 

•sc 

Output Short Circuit Current 

Vqq = Max. 

-30 

-60 

-150 

mA 

•cc 

Power Supply Current 

Vcc Max., all outputs disabled 


60 

80 

mA 

' *PLH 

Input to Output 

Vqq = 5.0V, Ta = 25°C, Load = Note 2 


12 

20 

ns 

tPHL 

Input to Output 

Vqq = 5.0V, Ta = 25°C, Load = Note 2 


,2 

20 

ns 

SKEW 

Output to Output 

Vqq = 5.0V, Ta = 25°C, Load = Note 2 


2.0 

6.0 

ns 

^LZ 

Enable to Output 

Vqq = 5.0V, Ta = 25°C, Cq = lOpF 


23 

35 

ns 

tHZ 

Enable to Output 

Vqq = 5.0V, Ta = 25°C, Cq = lOpF 


17 

30 

ns 

tZL 

Enable to Output 

Vqc = 5.0V, Ta = 25° C, Load = Note 2 


35 

45 

ns 

tZH 

Enable to Output 

Vqq = 5.0V, Ta = 25°C, Load = Note 2 


30 

40 

ns 


Notes; 1 . All typical values are \/qq =■ 5.0V, = 25°C. 

2. C|_ = 30pF, Vj|sj = 1.3V to Vqj-j- = 1,.3V, Vpy|_gg = OV to +3.0V, See Below. 


AC LOAD TEST CIRCUIT 
FOR THREE-STATE OUTPUTS 


PROPAGATION DELAY 

(Notes 1 and 3) 


LIC-354 




ENABLE AND DISABLE TIMES 

(Notes 2 and 3) 

Enable Disable 


ENABLE 
INPUT ^ 

OUTPUT 

NORMALLY 

LOW So 

open! 

'ZL 'lZ — 

-4.5V 

1 

-1.3 V 

0.5V 

!_ Voi 

OUTPUT 

s,open7 

[~*ZH tHZ- 


III 

1_i_ Vqh 

1-OV 

0.5V LIC-356 


LIC-355 


Notes: 1. Diagram shown for Enable LOW. 

2. S-j and S2 of Load Circuit are closed except where shown. 

3. Pulse Generator for All Pulses: Rate < 1 .OMHz; Zq = 500; t^ ^ 1 5ns; tf < 6.0ns. 
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Am26LS31 


LIC-358 


Guaranteed Vqh Vql 
{TA = -55°Cto +125°C) 







— 

“H 
















V0H@Vcc = 5.5V 


“ 



Vqh @ Vqc = 5.0V 


_ 



1 1 






@ Vcc 

= 4.5V 















Lj 



__ 

n 






Vql 

.5V < Vcc < 5.5V 




1 

1 1 1 1 


0 4.0 8.0 12 16 20 

iql or “■oh 


VOUT Versus Vqc 









U- 












-55“ 

25“ C 
(•125 








C _ 


1 


2 



“c_ 


r 









*^IN 4 < 0.8V, PIN 12 > 2.0V 
-Rl = lOkn TO GROUND 

AREA INSIDE ENVELOPE 

IS LOW IMPEDANCE. (-SOSl) 
-AREA OUTSIDE ENVELOPE 

IS HIGH IMPEDANCE 01/4MJ2) 


0 1.0 2.0 3.0 4.0 

VouT (VOLTS) 


LIC-359 


Metallization and Pad Layout 
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Am26LS32 • Am26LS33 

Quad Differential Line Receivers 


DISTINCTIVE CHARACTERISTICS 

• Input voltage range of 15V (differential or common mode) 
on Am26LS33; 7V (differential or common mode) on 
Am26LS32 

• ±0.2V sensitivity over the input voltage range on Am26LS32; 
±0.5V sensitivity on ”Am26LS33 

• The Am26LS32 meets all the requirements of RS-422 and 
RS423 

• 6k minimum input impedance 

• 30mV input hysteresis 

• Operation from single +5V supply 

• 16-pin hermetic and molded DIP package 

• Fail safe input-output relationship. Output always high 
when inputs are open. 

• Three-state drive, with choice of complementary output 
enables, for receiving directly onto a data bus. 

• Propagation delay 17ns typical 

• Available in military and commercial temperature range 

• Advanced low-power Schottky processing 


FUNCTIONAL DESCRIPTION 

The Am26LS32 is a quad line receiver designed to meet the 
requirements of RS-422 and RS-423, and Federal Standards 
1020 and 1030 for balanced and unbalanced digital data 
transmission. 

The Am26LS32 features an input sensitivity of 200mV over 
the input voltage range of ±7V. 

The Am26LS33 features an input sensitivity of 500mV over 
the input voltage range of ±15V. 

The Am26LS32 and Am26LS33 provide an enable and disable 
function common to all four receivers. Both parts feature 3- 
state outputs with 8mA sink capability and incorporate a fail 
safe input-output relationship which keeps the outputs high 
when the inputs are open. 

The Am26LS32 and Am26LS33 are constructed using Ad¬ 
vanced Low-Power Schottky processing. 


LOGIC DIAGRAM 


ENABLE ENABLE INd+ INq- 1Nc+ INq- INb+ INb_ INa+ INa 



BLI-024 


ORDERING INFORMATION 


CONNECTION DIAGRAM 
Top View 


Am26LS32 Am26LS33 


Package Temperature Order Order 

Type Range Number Number 


Hermetic DIP 
Flat Pak 
Dice 

Hermetic DIP 
Molded DIP 
Dice 


-55° C to +125°C 
-55° C to +125°C 
-55° C to +125°C 
0°C to +70° C 
0°C to +70° C 
0°C to +70° C 


AM26LS32DM 

AM26LS32FM 

AM26LS32XM 

AM26LS32DC 

AM26LS32PC 

AM26LS32XC 


AM26LS33DM 

AM26LS33FM 

AM26LS33XM 

AM26LS33DC 

AM26LS33PC 

AM26LS33XC 
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ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 

Am26LS32 • Am26LS33 

Supply Voltage 

7.0V 

Common Mode Range 

±25V 

Differential Input Voltage 

±25V 

Enable Voltage 

7.0V 

Output Sink Current 

50mA 

Storage Tecnperature Range 

-65°Cto +165°C 


ELECTRICAL CHARACTERISTICS Over the operating temperature range 
The following conditions apply unless otherwise specified: 

Am26LS32XM, Am26LS33XIVl (MIL) =-55“C to+125“C Vqc = 5.0V±10% 

Am26LS32XC, Am26LS33XC (COM'L) Ta = 0*C to +70*0 \/qq = 5.0V ± 5% 

Parameters Description Test Conditions 


Min. 


Typ. 

(Note 1) 


Max. Units 


Vth 

Differential Input Voltage 

VOUT = VoL or Vqh 

Am26LS32, -7V < VcM < +7V 

-0.2 

±0.06 

-fO.2 

Volts 

Am26LS33. -15V < Vcm < +15V 

-0.5 

±0.12 

+0.5 

Rin 

Input Resistance 

—15V < VcM < +15V (One input AC ground) 

6.0 

9.8 


kn 

•in 

Input Current (Under Test) 

V|M = -H5V, Other Input -15V < V||v| < +15V 



2.3 

mA 

•in 

Input Current (Under Test) 

V|M = -15V, Other Input -15V < V|m < +15V 



-2.8 

mA 

VOH 

Output HIGH Voltage 

Vqc = Min., AV||\j = +1 .OV 

COM'L 

2.7 

3.4 


Volts 

Venable = 0-8v, Iqh = 

-440mA 

MIL 

2.5 

3.4 


VOL 

Output LOW Voltage 

Vqc “ Min., AV|(y| = —1 .OV 

•OL “ 4.0mA 



0.4 

Volts 

Venable = o-8v 


•OL ^ 8.0mA 



0.45 

V|L 

Enable LOW Voltage 




0.8 

Volts 

V|H 

Enable HIGH Voltage 


2.0 



Volts 

V| 

Enable Clamp Voltage 

Vcc ~ Min., I||\| = —18mA 



-1.5 

Volts 

•0 

Off-State (High Impedance) 

Vcc = Max. 

Vo = 2.4V 



20 

HA 

Output Current 

Vq = 0.4V 



-20 

•IL 

Enable LOW Current 

V|N =0.4V 


-0.2 

-0.36 

mA 

•IH 

Enable HIGH Current 

V||v) =2.7V 


0.5 

20 

mA 

•i 

Enable Input High Current 

V|N = 5.5V 


1 

100 

mA 

•sc 

Output Short Circuit Current 

Vq = OV, Vcc " ^V|N = -t-l .OV 

-15 

-50 

-85 

mA 

‘cc 

Power Supply Current 

Vcc “ Max., All V||\j = GND, Outputs Disabled 


52 

70 

mA 

VhyST 

Input Hysteresis 

Ta = 25°C, Vcc = 5.0V. VcM = OV 


30 


mV 

tPLH 

Input to Output 

Ta = 25°C, Vcc = 5.0V, Cl = 15pF, see test cond. below 


17 

25 

ns 

tPHL 

Input to Output 

Ta = 25°C, Vcc = 5.0V, Cl = 15pF, see test cond. below 



25 

ns 

tLZ 

Enable to Output 

Ta = 25°C, Vcc ~ 5.0V, Cl = 5pF, see test cond. below 


20 

30 

ns 

tHZ 

Enable to Output 

Ta = 25°C, Vcc ~ 5.0V, Cl = 5pF, see test cond. below 


15 

22 

ns 

tZL 

Enable to Output 

Ta = 25°C, Vcc ~ 5.0V, Cl = 15pF, see test cond. below 


15 

22 

ns 

tZH 

Enable to Output 

Ta = 25°C, Vcc ~ 5.0V, Cl = 15pF, see test cond. below 


15 

22 

ns 


Note: 1. All typical values are Vqc ~ 5.0 V, Ta = 25°C. 


LOAD TEST CIRCUIT 
FOR THREE-STATE OUTPUTS 


PROPAGATION DELAY 

(Notes 1 and 3) 


ENABLE AND DISABLE TIMES 

(Notes 2 and 3) 



OPPOSITE 

PHASE 

INPUT 

TRANSITION 


^ 


:7F=^ 


OUTPUT 
NORMALLY 

LOW So OPEN 


OUTPUT 

NORMALLY 

HIGH 


Si OPEN^ 


‘ZL 

~4.5V 






1. Diagram shown for Enable LOW. 

2. S'! and S 2 of Load Circuit are closed except 
where shown. 

3. Pulse Generator for All Pulses: Rate < 1.0MHz; 
Zq = 500; tr < 1 5ns; tf < 6.0ns. 
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Am26LS32B 

Quad Differential Line Receiver 


DISTINCTIVE CHARACTERISTICS 

• ± 100mV sensitivity over V|n range of OV to 5V 

• ± 200mV sensitivity over Vqm range 

• -7V to 4-12V input voltage range - differential or 
common mode 

• Guaranteed input voltage hysteresis limits 

- 80mV minimum 

- 200mV maximum 

• 3V maximum open circuit input voltage 

• Three-state outputs disabled during power-up and 
power down 

• Maximum guarantees for tpp skew 

• All AC and DC parameters guaranteed over COM’L and 
MIL operating temperature ranges 

• Single +5V supply 

• Advanced low-power Schottky processing 


FUNCTIONAL DESCRIPTION 

The Am26LS32B is a quad line receiver designed to meet the 
requirements of RS-422 and RS-423, CCITT V.10 and V.11, and 
Federal Standards 1020 and 1030 for balanced and unbalanced 
digital data transmission. 

The Am26LS32B features an input sensitivity of 200mV over the 
common mode input voltage range of -7V to + 12V. 

The Am26LS32B is the first device in the Am26LS32 configura¬ 
tion to guarantee minimum hysteresis and propagation delay 
skew while maintaining better propagation delay guarantees than 
the Am26LS32. This allows a more critical analysis of perfor¬ 
mance in high noise environments and better performance in 
terms of signal quality, resulting in better system performance. 

The Am26LS32B provides an enable and disable function com¬ 
mon to all four receivers. It features three-state outputs with 
24mA sink capability and incorporates a fail safe input-output 
relationship which keeps the outputs high when the inputs 
are open. 

The Am26LS32B is constructed using Advanced Low-Power 
Schottky processing. 


LOGIC DIAGRAM 


ENABLE ENABLE 


INd2 INdi 


INc2 INci 


1Nb2 INbi 


1Na2 INai 



ORDERING INFORMATION 


CONNECTION DIAGRAM 


Top View 


Package 

Type 

Hermetic DIP 
Flat Pak 
Dice 

Hermetic DIP 
Molded DIP 
Dice 


Temperature 

Range 

-55 to +125°C 
-55 to +125°C 
-55 to +125°C 
0 to -i-70°C 
- 0 to +70°C 
0 to +70°C 


Am26LS32B 

Order 

Number 

AM26LS32BDM 

AM26LS32BFM 

AM26LS32BXM 

AM26LS32BDC 

AM26LS32BPC 

AM26LS32BXC 



Note: Pin 1 is marked for orientation. 
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ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 

Am26LS32B 

Supply Voltage 

7.0V 

Common Mode Range 

±25V 

Differential Input Voltage 

±25V 

Enable Voltage 

7.0V 

Output Sink Current 

50mA 

Storage Temperature Range 

-65 to -L165°C 


ELECTRICAL CHARACTERISTICS over the operating temperature range 
The following conditions apply unless otherwise specified: 

Am26LS32XM (MIL) Ta = -55 to +125°C Vcc = 5.0V ± 10% 

Am26LS32XC (COM’L) Ta = 0 to +70°C Vcc = 5.0V ± 5% 


Typ 

Parameters Description Test Conditions Min (Note 1) Max Units 


Vth 

Differential Input Voltage 

Vqut = Yql or Vqh 

0 ^ VcM ^ +5V 

-100 

±60 

100 

mV 

-7V ^ VcM « +12V 

-200 


200 

VhYST 

Input Hysteresis 


80 

120 

200 

mV 

V|OC 

Open Circuit Input Voltage 


2.0 


3.0 

Volts 

RiN 

Input Resistance 

-15V VcM ^ +15V (One input AC ground) 

6.0 

10 


kn 

•in 

Input Current (Under Test) 

V|N = +15V, Other Input -15V ^ V|n ^ +15V 



2.3 

mA 

•in 

Input Current (Under Test) 

V|N = -15V, Other Input -15V ^ V|n ^ +15V 



-2.8 

mA 

Vqh 

Output HIGH Voltage 

Vcc = A V|N = +1.0V 

Venable = 0-8V 

Iqh = -12mA 

2.0 



Volts 

lOH = -1mA 

2.4 



Vql 

Output LOW Voltage 

Vcc = A V|N = - 1 . 0 V 

Venable = 0-8V 

•oh - 16mA 



0.4 

Volts 

•OL = 24mA 



0.5 

VlL 

Enable LOW Voltage 




0.8 

Volts 

V|H 

Enable HIGH Voltage 


2.0 



Volts 

V| 

Enable Clamp Voltage 

Vcc = hN -18mA 



-1.5 

Volts 

•0 

Off-State (High Impedance) 
Output Current 

Vcc = l^ax 

Vo = 2.4 V 



50 

/.A 

Vo = 0.4V 



-50 

•iL 

Enable LOW Current 

ViN = 0.4V 



-0.36 

mA 

•iH 

Enable HIGH Current 

V,H = 2.7V 



20 

fx/K 

•1 

Input HIGH Current 

V|N = 5.5V 



100 

fxA 

•sc 

Output Short Circuit Current 

Vo = OV, Vcc = l^ax, A V|N = +1.0V 

-30 

-65 

-120 

mA 

•cc 

Power Supply Current 

Vcc •'^ax, All V||s| = GND, Outputs Disabled 


52 

70 

mA 


Note: 1. All typical values are Vcc = 5.0V, Ta = 25°C. 


LOAD TEST CIRCUIT 
FOR THREE-STATE OUTPUTS 


PROPAGATION DELAY 
(Notes 1 and 3) 


ENABLE AND DISABLE TIMES 
(Notes 2 and 3) 



OPPOSITE 

PHASE 

INPUT 

TRANSITION 


— f\ >—''oi 

j-—4 -'^plh j-—-1 -¥hl 


£ 



Notes: 1. Diagram shown for Enable LOW. 

2. S-\ and S 2 of Load Cricuit are closed except where shown. 

3. Pulse Generator for All Pulses: Rate ^ 1 .OMHz; Zq = 5011; V ^ 2.5ns; tf « 2.5ns. 


10 


10-31 






Am26LS32B 

SWITCHING CHARACTERISTICS 

(Ta = + 25 °C, Vcc = 5.0V) 


Parameters 

Description 

Min 

Typ 

Max 

Units 

Test Conditions 

tpLH 

Propagation Delay, Input to Output 


16 

21 

ns 


fpHL 


17 

21 

ns 

Cl = 50pF 

See test circuit 

fSKEW 

Propagation Delay Skew, tpm - tpnu 


1.5 

3.0 

ns 

tzL 

Output Enable Time, ENABLE to Output 


16 

22 

ns 


tZH 


10 

16 

ns 


-tLZ 

Output Disable Time, ENABLE to Output 


11 

18 

ns 

Cl = 5pF 

fHZ 


13 

18 

ns 

See test circuit 


SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE 

Am26LS32B COM’L 

Am26LS32B MIL 



Ta = 0 to +70*0 

Vcc = 5.0V ± 10% 

Ta = -55 to -I-125®C 
Vcc = 5.0V ± 10% 



Parameters 

Description 

Min 

Max 

Min 

Max 

Units 

Test Conditions 

¥lh 

Propagation Delay, Input to Output 


26 


■ 

26 

ns 


fpHL 


26 


26 

ns 


%KEW 

Propagation Delay Skew, tpLH - tpHL 


4.0 


4.0 

ns 

Cl = 50pF 

See test circuit 

tZL 



33 


33 

ns 

tZH 



22 


22 

ns 


^LZ 

Output Disable Time, ENABLE to Output 


27 


27 

ns 

Cl = 5pF 

tHZ 


27 


1 

27 

ns 

See test circuit 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Use of the Am26LS29, 30, 31 and 32 
Quad Driver/Receiver Family in 
El A RS-422 and 423 Applications 

By David A. Laws and Roy J. Levy 


INTRODUCTION 

Today's high-performance data processing systems de¬ 
mand significantly faster data communications rates than 
are possible with the EIA RS-232 specifications in use for the 
past ten years. 

Two new standards prepared by the Electronic Industries 
Association address this need. EIA RS-423 is an unbalanced, 
bipolar voltage specification designed to interface with RS- 
232C, while greatly enhancing its operation. It permits the 
communication of digital information over distances of upto 
2000 feet and at data rates of up to 300 Kilobaud. EIA 
RS-422 is a balanced voltage digital interface for com- 
municaton of digital data over distances of 4000 feet or 
data rates of up to 10 megabaud. 

Advanced Micro Devices has developed a family of 
monolithic Low-power Schottky quad line drivers and re¬ 
ceivers to meet the requirements of these specifications. 

The Am26LS29 and 30 line drivers and the Am26LS32 re¬ 
ceiver meet all requirements of RS-423 while the 
Am26LS31 differential line driver and the Am26LS32 re¬ 
ceiver meet the requirements of RS-422. 

A second receiver element, the Am26LS33 is available for 
use in high common mode noise environments, exceeding 
the common mode voltage*requirements of RS-422 and RS- 
423. 

This application note reviews the use of these devices in 
implementing the new standards. Emphasis is given to the 
EIA RS-422 balanced interface. 


EIA STANDARD SPECIFICATIONS 

Two basic forms of operation are available for transmission 
of digital data over interconnecting lines. These are the 
single ended and differential techniques. 

The single-ended form uses a single conductor to carry the 
signal with the voltage referenced to a single return conduc¬ 
tor. This may also be the common return for other signal 
conductors. Figure la. 

The single-ended form is the simplest way to send data as it 
requires only one signal line per circuit. This simplicity, how¬ 
ever, is often offset by the inability of this form to allow 
discrimination between a valid signal produced by the 
driver, and the sum of the driver signal plus externally in¬ 
duced noise signals. 

A splution to some of the problems inherent in the single- 
ended form of operation is offered by the differential form of 
operation. Figure 1b. This consists of a differential driver 
(essentially two single-ended drivers with one driver always 
producing the complementary output signal level to the 
other driver), a twisted pair transmission line and a differen¬ 
tia! line receiver. The driver signal appears as a differential 
voltage to the line receiver, while the noise signals appear as 
a common mode signal. The two signals, therefore, can be 
discriminated by a line receiver with a sufficient common 
mode voltage operating range. 

The Electronic Industries Association, EIA, has defined a 
number of specifications standardizing the interface be¬ 
tween data terminal equipment and data circuit terminating 
equipment based on both single-ended and differential op¬ 
eration. 
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Quad Driver/Receiver Family 

The most widely used standard for interfacing between data 
terminal equipment and data communications equipment 
today, is EIA RS-232C, issued in August 1969. The RS-232C 
electrical interface is a single-ended, bipolar-voltage, unter¬ 
minated circuit. This specification is for serial binary data 
interchange over short distances (up to 50 feet) at low rates 
(up to 20 Kilobaud). It is a protocol standard as well as an 
electrical standard, specifying hand shaking signals and 
functions between terminal and the communications 
equipment. As already noted, single-ended circuits are sus¬ 
ceptible to all forms of electromagnetic interference. Noise 
and cross talk susceptibility are proportional to length and 
bandwidth. RS-232C places restrictions on both. It limits slew 
rate of the drivers (30V//Lts) to control radiated emission on 
neighboring circuits and allows bandwidth limiting on the 
receivers to reduce susceptibility to cross talk. The length 
and slew rate limits can adequately control reflections on 
unterminated lines, and the length and bandwidth limits are 
more than adequate to reduce susceptibility to noise. 


Like EIA RS-232C, the hew EIA RS-423 is also a single-ended, 
bipolar-voltage unterminated circuit. It extends the distance 
and data rate capabilities of this technique to distances of up 
to 4000 feet at data rates of 3000 baud, or at higher rates of up 
to 300 Kilobaud over a maximum distance of 40 feet. 

EIA RS-422 Is a differential, balanced voltage Interface capa¬ 
ble Of significantly higher data rates over longer distances. It 
can accommodate rates of 100 Kilobaud over a distance of 
4000 feet or rates of up to 10 megabaud. These performance 
Improvements stem from the advantages of a balanced con¬ 
figuration which Is isolated from ground noise currents. It is 
also immune to fluctuating voltage potentials between sys¬ 
tem ground references and to common mode electromag¬ 
netic Interference. Figure 2 compares the driver output 
waveforms for the three EIA standard configurations, while 
Table I compares the key characteristics required by drivers 
and receivers intended for these applications. Since RS-232C 
has been in use for many years, RS-422 and 423 parameter 
values have been selected to facilitate an orderly transition 
from existing designs to new equipment. 



Figure 2. Driver Output Waveforms. 
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Quad Driver/Receiver Family 


TABLE I 

KEY PARAMETERS OF EIA SPECIFICATIONS 


Characteristics 

EIA RS-232C 

EIA RS-423 

EIA RS-422 

Units 

Form of Operation 

Single Ended 

Single Ended 

Differential 


Max. cable length 

50 

2000 

4000 

Feet 

Max. data rate 

20K 

300K 

10M 

Baud 

Driver output 



6 volts 


voltage, open 

±25 

±6 

between 

Volts (Max.) 

circuit* 



outputs 


Driver output 



2 volts 


voltage. Loaded 

±5 to ±15 

±3.6 

between 

Volts (Min.) 

output* 



outputs 


Driver output resis- 

Ro = 3000 

100/aA between 

100/LtA between 

Min. 

tance power off 
Driver output short 


-6 to +6V 

+6 and -.25V 

■ 


circuit current Isc 

±500 

±150 

±150 

mA (Max.) 

Driver output slew 

30 V//xsec Max. 

Slew fate must be 

No control 


rate 


controlled based 
upon cable length 
and modulation 
rate 

necessary 


Receiver input 

3K to 7K 

^4K 

>4K 

a 

resistance Rjp 

Receiver input 

-3 to +3 

-0.2 to +0.2 

-0.2 to +0.2 

Volts (Max.) 

thresholds 





Receiver input 





voltage 

-25 to +25 

-12 to +12 

-12 to+12 

Volts (Max.) 


± indicates polarity switched output. 


INTEGRATED CIRCUIT CHARACTERISTICS 

Most semiconductor manufacturers offer integrated circuits 
designed to satisfy the old RS-232C standard. A number of 
them have designs in progress to meet the new EIA specifica¬ 
tions. Products available from Advanced Micro Devices to 
meet these needs are shown in Table 11. 

The Am26LS29,30,31 and 32 are a family of quad drivers and 
receivers designed specifically to meet the new EIA stan¬ 
dards. These products utilize Low-Power Schottky technol¬ 
ogy to Incorporate four drivers or four receivers, together 
with control logic, in the standard 16-pln package outlines. 

The Am26LS29/30 and the Am26LS32 are driver and receiver 
pairs designed to implement the single-ended EIA RS-423 
standard. The Am26LS31 is a differential line driver designed 
for use with the Am26LS32 receiver in a differential mode to 
meet EIA RS-422. 

Am26LS29 AND Am26LS30 QUAD 
RS-423 LINE DRIVERS 

The Am26LS29 and 30 consist of four single-ended line driv¬ 
ers designed to meet or exceed the requirements of RS-423. 
The buffered driver outputs are provided with sufficient 
source and sink current capability to drive 50 ohm to a virtual 
ground transmission line and high capacitive loads. The 
Am26LS29 has a three-state output control while the 
Am26LS30 has a Mode Control input that allows it to operate 
as a dual RS-422 driver (with suitable power supply change- 
si, Figure 3. 

Each of the four driver inputs, as well as the Enable/Mode 
Control input is a PNP Low-Power Schottky input for reduced 


input loading, one-half the normal fan-in. Since there are two 
inverters from each Input to output, the driver Is non- 
inverting. When operating In the RS-423 mode, the 
Am26LS29 and 30 require both -I-5V and -5V nominal value 
power supplies. This allows the outputs to swing symmetri¬ 
cally about ground - producing a true bipolar output. The 
Mode Control (Pin 4) of the Am26LS30 should be HI or tied to 


TABLE II 

ADVANCED MICRO DEVICES' 
EIA COMPATIBLE DEVICES 


EIA Standard 

Drivers 

Receivers 

RS-232C 

Am1488 

Quad Driver 

Am9616 

Triple Driver with 
logic control 

Am2616 

Quad Driver also 
specified for CCITT 
V.24 and MIL-188C 

Am1489, 1489A 

Quad Receivers with 
response control pin 

Am9617 

Triple Receiver with 
optional hysteresis 

Am2617 

Quad Receiver specified 
over MIL range 

RS-422 

Am26LS31 

Quad Differential 
with three-state 
control gating 

Am26LS32 

Quad Differential Driver 
single-ended Receiver 

RS-423 

Am26LS29 

Quad Driver with 
three-state output 

Am26LS30 

Quad Driver with 
slew rate control 

Am26LS32 

Quad single-ended/ 
Differential Receiver 
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Figure 3. Am26LS29 and Am26LS30 Drivers. 


Vcc- Each output is designed to drive the RS-423 load of 50 
ohms with an output voltage equal or greater than +3.6 volts 
in the HI state and -3.6 volts In the LO state. Each output is 
current limited to 150mA max. in either logic state. A Slew 
Rate control pin is brought out separately for each output to 
allow output ramp rate (rise and fall time) control. This pro¬ 
vides suppression of near end cross talk to other receivers in 
the cable. Connecting a capacitor from this node to that 


driver's respective output will produce a ramp (10% to 90%) 
of 50ns typical for each picofarad of capacitance in that 
capacitor. RS-423 establishes recommended ramp rates ver¬ 
sus length of line driven and modulation rate, Figure 4. 

The Am26LS30 can be used at low data rates as a dual EIA 
RS-422 driver with three-state outputs by connecting the VgE 
supply and the mode control input to ground. 
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Am26LS31 QUAD RS^22 DRIVER 

The Am26LS31 is a quad differential line driver designed to 
meet the RS-422 specification while operating with a single 
+ 5 volt supply. A common enable and disable function con¬ 
trols all four drivers, Figure 5. The driver features high speed, 
de-skewed differential outputs with typical propagation de¬ 
lays of 12ns and residual skew of 2ns. Both differential line 
outputs are designed for three-state operation to allow 
two-way half duplex and multiplex, data bus applications. 

Table III is a summary of the essential requirements of the 
RS-422 standard. Section A describes the key characteristics 
satisfied by the Am26LS31 driver. 

The balanced differential line driver consists of two halves, 
each of which is similar to a Low-power Schottky TTL gate 
with equal source and sink current capability. The two halves 
are emitter coupled in a differential Input configuration. One 
side of the input circuit is tied to a fixed TTL bias threshold 
and the other side is tied to a sink diode in normal DTL/TTL 
fashion. This configuration offers complementary outputs 
with very low skew, dependent only upon component match¬ 
ing, a necessity to meet RS-422, 



Figure 4. Data Modulation Rate or Cable Length 
Versus Risetime for EIA RS-423. 


The circuit diagram of the driver is shown in Figure 6. The 
emitter-coupled input circuit is formed by Q2 and Q3, which 
are biased by a current source. This source is a current 
mirror, formed by Q1 which supplies the current, and D6 
which is diode connected transistor matched to Q1. The fixed 
bias for Q3, formed by D5 and D6, is 2 Vbe- A 2Vbe bias, less 
the D2 Schottky diode drop, provides the normal Low-power 
Schottky tTL threshold, V|l = 0.7V. R19 provides a boost to 
0.8V for a full 400mV TTL noise margin. Tlie differential 
outputs of the emitter coupled stage, A and A, drive emitter 
followers Q14 and Q15, which provide the required speed 
and matching characteristics. The emitter followers, drive 
phase splitters Q4 and Q5, which in turn drive totem-pole 
outputs. The outputs at the line interface are of standard 
Low-power Schottky TTL configuration, except that circuit 
values are modified to provide high sourcing capability. The 
outputs are designed to source or sink 20mA each, so that 
they can generate a voltage of at least 2.0V across a 100 ohm 
load, as required by RS-422. Additional circuitry has been 
included to make the line outputs three-state for two-way 
bus applications. The Am26LS31 meets the RS-422 require¬ 
ment that the driver not load the line In the powered down 
condition Ox ^ 100/u,A) or if the power supply to that device 
should fail. 

Am26LS32 QUAD RS-422 AND 423 RECEIVER 

The Am26LS32 is a quad line receiver which, operating from 
a single 5 volt supply, can be used in either differential or 
single-ended modes to satisfy RS-422 and 423 applications 
respectively. A complementary enable and disable feature, 
similar to that on the driver, controls all four receivers. Figure 
7. The device's three-state outputs, which can sink 8mA, 
incorporate a fail-safe input-output relationship which keeps 
the outputs high when the inputs are open. 

The Am26LS32 meets the receiver input specification of 
Table III, a 200mV threshold sensitivity with common mode 
rejection exceeding the supply line potentials, (greater than 7 
volts). The same design feature of the input circuit which 
provides the common mode rejection also insures excellent 
power supply ripple rejection, which is important when 
switching the high currents involved in a system's interfaces. 
Furthermore, unlike operational amplifiers, where the DC 
common mode and power supply rejection ratios roll off 
with open loop gain, the full rejection capability of this line 
receiver is maintained at high frequencies. The receiver hys¬ 
teresis of typically 30mV, provides differential noise immuni¬ 
ty. Signals received on long lines can have slow transition 
times, and without hysteresis, a small amount of noise 
around the switching threshold can cause errors in the re¬ 
ceiver output. 



Figure 5. Am26LS31 Logic Diagram. 
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TABLE III 

SUMMARY OF EIA RS>422 STANDARD FOR A BALANCED DIFFERENTIAL INTERFACE 


A. Line Driver 

Open Circuit Voltage (either logic state) 

Differential IVdol ^ 6.0V 

Common Mode |Vcmol ^ 3.0V 

Differential Output Voltage (across 100 ohm load) 

Either logic state IV^J ^ max (0.5Vdo/ 2.0V) 

Output Impedance 

Either logic state Rg ^ 100 ohms 

Mark-Space Level Symmetry (across 100 ohm load) 
Differential IVcsl ~ IVdMl ^ 0.4V 

Common Mode |Vcmsl “ IVcmMl ^ 0.4V 

Output Short Circuit Current (to ground) 

Either Output |lscl^ 150mA 

Output Leakage Current (power off) 

Voltage Range -0.25V ^ V^ ^ +6.0V 

Either Output at Vx |lxl ^ 100/u,A 

Rise and Fall Times (across 100 ohm load) 

T = Baud Interval (V, tf) =s max (0.1T, 20ns) 

Ringing (across 100 ohm load) 

Definitions 

Vdss = Vd (steady state) 

Vss = Vds-VdM (steady state) 

Limits (either logic state) 

Percentage |Vd - VdssI ^ O.IVss 

Absolute 2.0V ^ |Vd( ^ 6.0V 

B. Line Receiver 

Signal Voltage Range 

Differential |Vd| ^ 6.0V 

Common Mode |Vcm| 7.0V 

Single-Ended Input Current (power ON or OFF) 

Either Input at Vx |Vxl= 10V 

Other Input Grounded |lv| ^ 3.25mA 

Single-Ended Input Bias Voltage (other input grounded) 
Either Input Open Circuit [VbI ^ 3.0V 

Single-Ended Input Impedance (other Input grounded) 
Either Input Rl 5= 4000 ohms 

Differential Threshold Sensitivity 

Common Mode Voltage Range |Vcml ^ 7.0V 

Either Logic State [V-rl ^ 200mV 

Absolute Maximum Input Voltage 

Differential lVcjl^12V 

Single-Ended IVxl ^ 10V 

Input Balance (threshold shift) 

Common Mode Voltage Range |Vcml ^ 7.0V 

Differential Threshold (500 ohms in series with each 
Input) 

Either Logic State |Vt|^ 400mV 

Termination (optional) 

Total Load Resistance (differential) Rj > 90 ohms 

Multiple Receivers (bus applications) 

Up to 10 receivers allowed. Differential threshold sen¬ 
sitivity of 200mV must be maintained. 

Hysteresis (optional) 

As required for applications with slow rise/fall time at 
receiver, to control oscillations. 

Fall Safe (optional) 

As required by application to provide a steady MARK or 
SPACE condition under open connector or driver 
power 

OFF condition. 

C. Interconnecting Cable 

Type 

Twisted Pair Wire or Flat Cable Conductor Pair 

Conductor Size 

Copper Wire (solid or stranded) 24 AWG or larger 

Other (per conductor) R ^ 30 ohms/1000 ft. 

Capacitance 

Mutual Pair C ^ 20pF/ft. 

Stray C ^ 40pF/ft. 

Pair-to-Pair Cross Talk (balanced) 

Attenuation at 150KHz A ^ 40dB 
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Figure 6. Am26LS31 Circuit Diagram {Only one driver shown). 


The balanced differential line receiver is a three-stage circuit. 
The input stage consists of a low-impedance differential cur¬ 
rent amplifier with series resistor inputs to convert fine signal 
voltage to current and provide a moderate input Impedance. 
The input resistors provide an Impedance greater than 6Kon 
each input, power on or power off, which exceeds the re¬ 
quirements of RS-422 and RS-423. This is one advantage of 
the current amplifier input circuit. Another advantage Is that 
is can operate with immunity to common mode voltages 
above Vcc and below ground. The differential threshold 
sensitivity of this circuit is 200mV, as required by RS-422. The 
second stage is a differential voltage amplifier, which Inter¬ 
faces to the single-ended output stage through an emitter 
follower. The output stage is a standard Low-power Schottky 
TTL totem-pole output with three-state capability. 

The full circuit Is shown in Figure 8. Resistors R 20 and R 21 , 
which connect the non-inverting input to Vcc and the invert¬ 
ing Input to ground, provide the fail-safe feature, which 
guarantees a HIGH logic state for the receiver output when 
there is no signal on the line. The differential voltage 
amplifier In the second stage is formed by Q6 and Q3 which 
are biased by current source Q9. The hysteresis in the re¬ 


ceiver switching characteristic is provided by Q4 and Q5, a 
differential pair biased by current source Q6, whose collec¬ 
tors are connected in positive feedback to the input pull-up 
circuits. A small amount of current Is switched by Q4 and Q5, 
which must be overcome by the different voltage signal, 
resulting in the hysteresis. The output stage is driven from 
orie side of the differential second stage by emitter follower 
Q17, which Is a multiple emitter transistor, the second emit¬ 
ter is the control point for the three-state output.QI? drives 
the phase splitter Q12, which in turn drives the three-state 
totempole output. The remainder of the circuit is the output 
enable control logic. This three-state capability on the re¬ 
ceiver TTL side of the Interface is a useful feature for mod¬ 



ularizing two-way bus design. 


A mask option of the input resistors (Ri, R 2 , R 20 ^nd R 21 ) 
modifies the receiver characteristics to Improve operation 
in. high common mode noise environments. This device, 
known as the Am26LS33, has these resistors at twice the 
value of the Am26LS32. An input differential or common 
mode voltage range of ± 15 volts is achieved at the expense 
of a minor decrease of Input threshold sensitivity, to 
±500mV from ±200mV. 
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Figure 7. Am26LS32 Logic Diagram. 



Figure 8. Am26LS32 and Am26LS33 Circuit Diagram (Only one receiver shown). 
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APPLICATIONS IN MIXED RS-232 AND 422/3 
SYSTEMS 

A system implemented with the RS-422 differential output 
cannot be used to drive an RS-232C system directly. An 
RS-423 single-ended, driver, such as the Am26LS29 or 
Am26LS30, may be used provided certain precautions are 
observed. 

1. Although the RS-423 driver output specification of be¬ 
tween 4 to BV does not meet the RS-232C specification of 
6V, operation is usually satisfactory with RS-232C receiv¬ 
ers. This is achieved because the short cable lengths per¬ 
mitted by RS-232C cause very little signal degradation 
and because of the low source Impedance of the RS-423 
driver. 

2. RS-232C specifies that the rise time for the signal to pass 
through the ±3.0V transition region shall not exceed 4% 
of the signal element duration. RS-423 requires much 
slower rise times, specified from 10% to 90% of the total 
signal amplitude, to reduce cross talk for operation over 
longer distances. Therefore, the RS-423 driver In the 
equipment must be waveshaped. This is achieved by 
selection of a capacitor value for the Am26LS30 to simul¬ 
taneously meet the requirements of both RS-423 and RS- 
232C for data rates covered by RS-232C. 

3. RS-423 specifies one common return ground for each 
direction of transmission, RS-232C requires only one 
for both directions of transmission. Care must be taken 
to insure that a return ground path has been created 
when interfacing between the two systems. 


dard RS-422 conducted their tests with 24 gauge twisted pair 
wire. The resulting length vs. data rate, is published as a 
guideline in RS-422 (Figure 9). This shows two important 
results: (1) Unmodulated baseband (NRZ) signalling is not 
recommended at distances greater than 4000 feet; (2) At data 



Figure 9. Data Rate Versus Cable Length for Balanced, 
Twisted Pair Cable (From EIA RS-422). 


rates above about lOOKHz, the maximum cable length for 
acceptable signal quality is inversely proportional to data 
rate. 


4. RS-232C does not require termination, while it may be 
necessary for RS-422 and 423. Detailed consideration of 
termination is covered in the next section. 

Note that RS-422 and RS-423 specifies that receivers should 
not be damaged by voltages up to 12V, while RS-232C allows 
drivers to produce output voltages up to 25V. The Am26LS32 
receiver has been designed to avoid this hazard and can 
withstand input voltages of ±25 volts. 

RS-422 TRANSMISSION LINE FEATURES 

Any time a receiver and transmitter are connected with more 
than a few inches of a wire, problems due to reflections can 
arise If care Is not exercised to terminate the line correctly. 
RS-422 describes the cable as a twisted pair of approximately 
120fl impedance terminated in a resistor Rj. Rj is not 
specified because there are two extreme values which may 
be chosen for the two following general classes of usage: (1) 
single direction transmission; and (2) multi-direction and 
multiple source transmission (party line). Considering the 
cable impedance only, the termination should equal the 
cable impedance of 120ft. However this reduces the termi¬ 
nated cable resistance as seen by the driver to only 60ft, with 
resulting loading of the output signal. This loading causes a 
reduction of S/N ratio at the received terminal due to the 
decrease in signal voltage swing. The solution lies in a com¬ 
promise between an Rj of 120ft which provides maximum 
power transfer at a reduced S/N ratio or Rj of 240ft which 
causes a mis-match of 2-to-1 but no S/N reduction. The 
choice is left to the user as It is system dependent. Both 
schemes will work for an average line length and should only 
approach the margins at maximum line length and 
maximum bit rates. 

Electronic Industries Association, when preparing EIA Stan¬ 


Result (1) above Is due to the DC resistance of the cable. For a 
4000 foot cable with a DC resistance of 30 ohms/1000 feet, the 
DC series loop resistance Is 240ft. The minimum allowable 
terminated differential load impedance is 90ft. The DC vol¬ 
tage attentuation is 90/(90 - 240) = 1/4(6db), which Is arbitrar¬ 
ily chosen as the maximum allowable limit. 

Result (2) is due to line losses. Laboratory tests using the 
26LS31 Line Driver connected to the 26LS32 Line Receiver by 
800 feet of ordinary 20 AWG twisted pair (Beldon #8205 
plastic-jacketed wire), terminated in its characteristic impe¬ 
dance of 100ft were evaluated. The input waveform was a 
BOOKHz square wave with (10% to 90%) rise and fall times of 
less than 10ns. The output waveform produced rise and fall 
times which together accounted for approximately one-half 
the period (tr + tf = 500ns). This was due to line loss and 
constant capacity. The energy per cycle of the output 
waveform is approximately 25% lower than that of the input. 
The input rise and fall times are not a function of line length, 
assuming matching termination. The output rise and fall 
times are dependent upon length in a complex manner. 
Furthermore, it can be shown by observation that they build 
up along the line. 

Many good reference sources are available on the subject of 
transmission lines (References 1, 2, 3 and 4). These will 
provide background information to the following discussion. 

Seshadri in Reference (1) has analyzed a line with series 
resistance losses and has shown that rise time varies with 
the square of the length. This shows series resistance to be a 
function of the square root of frequency. However when one 
tries to use this result in combination with the previous 
result. It becomes apparent just how difficult the problem is. 
In Reference (2), the authors point out that skin depth implies 
a frequency dependent series Inductance as well as resis¬ 
tance, and that one cannot be considered without the other. 
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They go on to show how this leads to the same result; 
namely that rise and fall times vary with the square of dis¬ 
tance. 

No attempt will be made to explain here why Figure 5 shows 
maximum length varying inversely with frequency rather 
than with the square of frequency. Certainly many complex 
factors are involved. Our laboratory observations showed a 
dependence somewhere In between linear and square law. 

The Am26LS31 Quad Line Driver and the Am26LS32 Quad 
Line Receiver are capable of good, clean operation to the 
distance limits and data rate limits of RS-422. 

SYSTEM APPLICATIONS 

The Am26LS30, 31, 32 and 33 can be combined in various 


signaling networks. Using Am26LS29, Am26LS30 and 
Am26LS32, Figure 10, a unidirectional RS-423 communica¬ 
tion can be constructed. Allowing for the voltage variation 
described earlier, RS-232C requirements can be satisfied. It 
should be noted that the Am26LS29 or Am26LS30 is used 
above to rneet the bipolar requirements. If a single-ended 
line. Figure 11, is required without a bipolar requirement, the 
Am26LS31 can be used by biasing the reference terminal of 
the receiver to approximately 1.5 volts. Note that additional 
resistors will enhance fail safe operation. 

Figure 12 shows the use of the Am26LS31 and Am26LS32 to 
meet a balanced line, single direction RS-422 application. If 
bidirectionality is required, an additional termination should 
be added as shown in Figure 13. 


Am26LS29 OR 



Figure 10. Unidirectional RS-423 (partial RS-232C). 



BLI-028 


Figure 11. Single-Ended Line Without Bipolar Requirement. 
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The high speed capability of RS-422 has attracted the in¬ 
terest of many computer designers for use in the party 
line mode (Figure 14). The most common usage is that of 
a four wire full duplex exchange system (Figure 15). This 
mode of operation Involves two pairs of wires each han¬ 
dling a single direction of traffic. The outgoing direction 
consists of one driver (Am26LS30 or Am26LS31) and n 
receivers (Am26LS32 or Am26LS33). The incoming direc¬ 
tion consists of one receiver (Am26LS32 or Am26LS33) 
and n drivers (Am26LS30 or Am26LS31). This seems ex¬ 
tremely simple to organize. However, problems arise 
when system ground is considered. If the network of re¬ 
ceiver and driver span a moderate to long physical dis¬ 
tance, ground loop noise or differences are developed 
changing the voltage that appears at the terminals of all 
receivers and drivers except for the one driver that Is ac¬ 


tive. It remains the system reference as long as It is ac¬ 
tive. This induced or system developed voltage is referred 
to as Common Mode voltage (CMV) and as such must be 
considered as a device parameter. All manufacturers 
specify CMV capability of their receiver In compliance 
with RS-422 (approx. 7 volts plus signal) but there Is no 
specification for drivers. If the dimensions of the system 
are short compared to 1/4 wave length of the maximum 
date rise and fall times, the CMV can be assumed to be 
minimal and drivers with single voltage supply and lim¬ 
ited negative CMV can be used, I.e., Am26LS31. If the sys¬ 
tem dimensions are large, the CMV will cause problems 
in that the driver will clamp to the ground the moment 
the collective or apparent voltage swings below minus 0.5 
volts relative to the driver ground, causing a short In the 
line and increasing level shift and noise. The clamping Is 
caused in part by conduction of the I/C substrate diode. 
The problem can be avoided by using a driver with an 
output common mode range (Am26LS30). The Am26LS30 
guarantees an output CMV range of ±10 volts about the 
driver ground reference. New international standards are 
under consideration to specify this mode of operation. In 
conclusion, a good system of 4 wire full duplex for data 
communication would use as an outgoing pair an 
Am26LS30 line driver and up to 12 - Am26LS32 line re¬ 
ceivers, with a termination at the near and far ends of the 
cable. The same system would use as an incoming pair 
an Am26LS32 line receiver and up to 32 - Am26LS30 line 
drivers with only one enabled at a time and all others in 
three-state mode with cable termination at both near and 
far ends of the cable. 


Many other applications are possible using this family of 
devices. Although the designs are based on the require¬ 
ments of the EIA data communications specifications, 
they are not limited to these situations. Aircraft buses and 
internal equipment interconnections will benefit from the 
features offered by these products. 
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DISTINCTIVE CHARACTERISTICS 

• Meets all requirements of EIA Standards RS-422, RS-423, 
CCITT V.10 and V.11, and the new party line standard in 
development under EIA Project Number 1360. 

• ± 200mV sensitivity over input voltage range 

• ± 150mV sensitivity for Vcm = 0 

• -7V to +12V common mode input voltage range 

• 12l<n minimum input impedance 

• Maximum guarantees for tpp skew 

• All AC and DC parameters guaranteed over MIL and COM’L 
temperature ranges 

• Guaranteed input voltages hysteresis limits 

- 120mV minimum 

- 300mV maximum 

• No internal failsafe 

• Pin compatible with Am26LS32/32B/33 


FUNCTIONAL DESCRIPTION 

The Am26LS34 is a high performance, quad, differential line 
receiver. It has higher impedance and higher input voltage hys¬ 
teresis than the similar Am26LS32B. The Am26LS34 also does 
not have internal fail-safe to allow greater user flexibility. 

Input threshold sensitivity is specified for three different Vqm 
ranges. The improved sensitivity, guaranteed hysteresis and 
skew limits allow a more critical analysis of system performance 
In high noise environments and better system performance 
capability. 

All performance parameters are guaranteed over ±10% supplies 
and over the operating temperature range. In addition, Iql is 
specified to 24mA for easy system bus interfacing. 


LOGIC DIAGRAM 


ENABLE ENABLE INd+ INd_ 


INb+ INb_ INa+ INa 



ORDERING INFORMATION 


CONNECTION DIAGRAM 


Top View 


Package 

Type 

Hermetic DIP 
Flat Pak 
Dice 

Hermetic DIP 
Molded DIP 
Dice 


Temperature 

Range 

-55 to +125°C 
-55 to +125°C 
-55 to +125°C 
0 to +70°C 
Oto -^70°C 
0 to +70°C 


Am26LS34 

Order 

Number 

AM26LS34DM 

AM26LS34FM 

AM26LS34XM 

AM26LS34DC 

AM26LS34PC 

AM26LS34XC 



Note: Pin 1 is marked for orientation. 
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ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 


Supply Voltage 

7.0V 

Common Mode Voltage 

±25V 

Differential Input Voltage 

30V 

Enable Voltage 

7.0V 

Output Sink Current 

50mA 

Storage Temperature Range 

-65 to +165°C 


ELECTRICAL CHARACTERISTICS over the operating temperature range 
The following conditions apply unless otherwise specified: 

(MIL) Ta = -55 to +125"C Vcc = 5.0V ± 10% 

(COM!) Ta = 0 to +70®C Vcc = 5.0V ± 5% 

Typ 

Parameters Description Test Conditions Min (Notei) Max Units 


Vth 

Differential Input Voltage 

VoUT = Vql or VoH 

< 

0 

II 

0 

< 

-150 

±90 

+ 150 

mV 

-7V ^ VcM ^ +12V 

-200 


+ 200 

-15V ^ VcM +15V 

-400 


+400 

VhYST 

Input Hysteresis 


120 

180 

300 

mV 

R|N 

Input Resistance 

-15V ^ VcM < +15V (One input AC ground) 

12k 

. 

20k 

40k 

n 

•in 

Input Current (Under Test) 

V|N = +12V 


0.7 

1.0 

mA 

•in 

Input Current (Under Test) 

> 

1 

II 

2 
> 


-0.5 

-0.8 

mA 

Vqh 

Output HIGH Voltage 

Vcc = •^•n. A V|N = +1.0V 

Venable = 0-8V 

-12mA 

2.0 



Volts 

-1mA 

2.4 

3.4 


Vql 

Output LOW Voltage 

Vcc = A V|N = -1.0V 

Venable = 0.8V 

•oh ~ 16mA 



0.4 

Volts 

•OL = 24mA 



0.5 

V,L 

Enable LOW Voltage 




0.8 

Volts 

V|H 

Enable HIGH Voltage 


.2.0 



Volts 

Vi 

Enable Clamp Voltage 

Vcc = Min, l||s| = -18mA 



-1.5 

Volts 

V|OC 

Open Circuit Input Voltage 

_ 

2.0, 


3.0 

Volts 

•0 

Off-State (High Impedance) 
Output Current 

Vcc = IVax 

Vq = 2.4V 



50 

fiA 

Vq = 0.4V 



-50 

1 |L 

Enable LOW Current 

V|N = 0.4V 


-0.03 

-0.2 

mA 

•iH 

Enable HIGH Current 

V,H = 2.7V 

' 

0.5 

20 


•1 

Enable Input High Current 

V|N = 5.5V 


1 

100 

ju-A 

•sc 

Output Short Circuit Current j 

Vq = OV, Vcc = Max. A V|n = +1.0V 

-30 

-65 

-120 

mA 

•cc 

Power Supply Current | 

Vcc = All ViN = GND, Outputs Disabled 


52 

70 

mA 


Note; 1. All typical values are Vcc = ^.OV, Ta = 25°C. 


LOAD TEST CIRCUIT 
FOR THREE-STATE OUTPUTS 


PROPAGATION DELAY 
(Notes 1 and 3) 


ENABLE AND DISABLE TIMES 
(Notes 2 and 3) 



OUTPUT 


OPPOSITE 

PHASE 

INPUT 

TRANSITION 




ENABLE 

INPUT 


OUTPUT 

NORMALLY 

LOW 


OUTPUT 

NORMALLY 

HIGH 


_ J 

/ _ " \ 


_I 

r 

I 

- *2L *L2 — 

k, 

0.5 V 

So 

open! 


Si OPEN^ 

H*ZH 'HZ- 


-OV 0.5V 


Notes: 1. Diagram shown for Enable LOW. 

2. and S2 of Load Circuit are closed except where shown. 

3. Pulse Generator Rate I.OMHz; Zg = 500; t^ tf ^ 2.5ns. 
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Am26LS34 


SWITCHING CHARACTERISTICS 

(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Min Typ Max Units Test Conditions 


*PLH 

Propagation Delay, Input to Output 


— 

18 

24 

ns 

Cl = 50pF 

See test circuit 

tpHL 


20 

24 

ns 

tSKEW 

Propagation Delay Skew, tpLH - tpHL 


2 

4 

ns 

tZL 

Output Enable Time, ENABLE to Output 


16 

22 

ns 

tZH 


10 


ns 

tLZ 

Output Disable Time, ENABLE to Output 


11 1 

18 1 

ns 

Cl = 5pF 

See test circuit 

tHZ 


13 

18 

ns 


SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE 

Parameters Description 

Am26LS34 COM’L 

Am26LS34 MIL 

Units Test Conditions 

Ta = 0 to +7(rc 

Vcc = 5.0V ± 10% 

Min Max 

Ta = -55 to +125'*C 
Vcc = 5.0V ± 10% 

Min Max 

tPLH 

Propagation Delay, Input to Output 


30 


30 

ns 

Cl = 50pF 

See test circuit 

fpHL 


30 


30 

ns 

fSKEW 

Propagation Delay Skew, tpLH - tpHL 


±5 


±5 

ns 

tZL 

Output Enable Time, ENABLE to Output 


33 


33 

ns 

tZH 


22 


22 

ns 

tLZ 

Output Disable Time, ENABLE to Output 


27 


27 

ns 

Cl = SpF 

See test circuit 

tHZ 


27 


27 

ns 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am8120 

Octal D-Type Flip-Flop with Clear, Clock Enable and Three-State Control 


DISTINCTIVE CHARACTERISTICS 

• Buffered common clock enable input 

• Buffered common asynchronous clear input 

• Three-state outputs 

• 8-bit, high-speed parallel register with positive edge-triggered, 
D-type flip-flops 


RELATED PRODUCTS 

Part No. Description 

Am25S18 Quad D Register 

Am2920 Octal D Type Flip-Flop 

Am2954/5 Octal D Registers 


FUNCTIONAL DESCRIPTION 

The Am8120 is an 8-bit register built using advanced Low- 
Power Schottky technology. The register consists of eight 
D-type flip-flops with a buffered common clock, a buffered 
common clock enable, a buffered asynchronous clear input, 
and three-state outputs. 

When the clear input is LOW, the internal flip-flops of the 
register are reset to logic 0 (LOW), independent of all other 
inputs. When the clear input is HIGH, the register operates in 
the normal fashion. 

When the three-state output enable (OE) input is LOW, the 
Y outputs are enabled and appear as normal TTL outputs. 
When the output enable (OE) input is HIGH, the Y outputs 
are in the high impedance (three-state) condition. This does 
not affect the internal state of the flip-flop Q output. 

The clock enable input (E)_is used to selectively load data 
into the register. When the E input is HIGH, the register will 
retain its current data. When the E is LOW, new data is entered 
into the register on the LOW-to-HIGH transition of the clock 
input. 

This device is packaged in a slim 24-pin package (0.3 inch 
row spacing). 


LOGIC DIAGRAM 


Dq Di D2 D3 D4 D5 Dg . Dj 



CONNECTION DIAGRAMS - Top Views 

ORDERING INFORMATION 


CLR [Z 

1* ^ 24 

d Vcc 

Leadiess Chip carrier 

Package 

Temperature 

Order 

''O C 

2 23 

d E 

L-28-1 

Type 

Range 

Number 

C 

3 22 

d CE 

g d“ ^ S 

Molded DIP 

0to-f-70°C 

AM8120PC 

D- 0 

4 21 

d Vr 


Hermetic DIP 

0 to +70°C 

AM8120DC 

Vi d 

5 20 

d 0/ 

0 . gs 25dNC 

Chip-Pak 

0to+70°C 

AM8120LC 

v. C 

6 19 

Am8120 

d De 


Dice 

0to-H70°C 

AM8l;20XC 

D. d 

7 18 

d Ve 

2 g 23 g 0, 

Hermetic DIP 

-55to-f-125°C 

AM8120DM 

D3 d 

8 17 

d Vs 

02 g» 22 g 

Hermetic Flat Pack 

-55to-M25°C 

AM8120FM 

V3 d 

9 16 


d ’ ' d 

Chip-Pak 

-55to+125°C 

AM8120LM 

* d 

10 15 

d D4 

V, S .0 20 g »s 

Dice 

-55to-f125°C 

AM8120XM 

CP d 

11 14 

d V. 

"" ?",2 ,3 ,4 ,5 ,6 




BLI-181 ^ 

12 13 

d * 

\J^LFLRTLJ=LR^ 




Note; Pin 1 is marked for orientation. 

* Reserved - do not use. 
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Am8120 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM'L Ta = 0°c to+70°C V^c = 5.0V ±5% MIN. = 4.75 V MAX. = 5.25 V 

MIL Ta = -55‘’C to ■»-125°C Vcc = 5.0V ±10% MIN. =4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 


Parameters Description Test Conditions (Note i) Min. (Note 2 ) Max. Units 


VQH 

Output HIGH Voltage 

Vqc ~ MIN. 

V|N = V|H or V|L 

MIL, Iqh = -I.OmA 

5.4 

3.4 


Volts 

COM'L, Iqh = -2.6mA 

2.4 

3.4 


Vql 

Output LOW Voltage 

Vcc = min. 

V||M = V|H or V|L 

•OL “ 4.0mA 



0.4 

Volts 

•OL “ 8.0mA 



0.45 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for ail inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc = min., I|n = -18mA 



-1.5 

Volts 

•IL 

Input LOW Current 

Vcc = max., V||v| =0.4V 



-0.36 

mA 

»IH 

Input HIGH Current 

_^_ 

Vcc = max., V|N =2.7V 



20 

mA 

'I 

Input HIGH Current 

Vcc = max., V||M = 7.0V 



0.1 

mA 

'o 

Off-State (High-Impedance) 
Output Current 

_:_■ 

Vcc = max. 

Vo = 0.4 V 



-20 

mA 

Vo = 2.4 V 



20 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-85 

mA 

•cc 

Power Supply Current 
(Note 4) 

Vcc = max. 


24 

37 

mA 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq = 5.0 V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. All outputs open, E = GND, Di inputs * CLR = OE = 4.5V. Apply momentary ground, then 4.5V to clock input. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage to Ground Potential Continuous 

-0.5 V to+7.0 V 

DC Voltage Applied to Outputs for High Output State 

-0.5 V to +Vcc tiax. 

DC Input Voltage 

-0.5 V to+7.0 V 

DC Output Current, Into Outputs 

30 mA 

DC Input Current 

—30 mA to +5.0 m A 
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Am8120 


SWITCHING CHARACTERISTICS 

(Ta- +25°C, Vcc = 5.0V) 


Parameters 

Description 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

tPLH 

Clock to Yj iOE LOW) 


18 

27 

ns 


tPHL 


24 

36 


tPHL 

Clear to Y 


22 

35 

ns 


ts 

Data (Dj) 

10 

3 


ns 


th ■ 

Data (Dj) 

10 

3 


ns , 


ts 

' Enable (E) 

Active 

15 

10 


ns 


Inactive 

20 

12 


Cl=15pF 

Rl_ = 2.0kU 

th 

Enable (E) 

0 

0 


ns . 

ts 

Clear Recovery (In-Active) to Clock 

11 

7 


ns 


tpw 

Clock 

HIGH 

20 

14 


ns . 


LOW 

25 

13 



tpw 

Clear 

20 

13 


ns 


tZH 

^toY, 


9 

13 



tZL 


14 

21 



tHZ 

OE to Yj 


20 

30 

ns 

Cl = 5.0pF 

tLZ 


24 

36 

RL=2.0kS2 

tmax 

Maximum Clock Frequency (Note 1) 


40 


MHz 



Note 1. Per industry convention, fmax ^^e \A/orst case value of the maximum device operating frequency with no constraints on t^, tf, pulse 
width or duty cycle. 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

Parameters Description 

COM'L 

MIL 

Units Test Conditions 

Ta = 0°C to +70° C 
Vcc = 5.0V ± 5% 

Min. Max. 

TA = -55°Cto+125°C 
Vcc = 5 0V ± 10% 

Min. Max. 

tPLH 

Clock to Yj (OE LOW) 


33 


39 

ns 

Cl = 50pF 

Rl = 2.0kn 

tPHL 


45 


54 

tPHL 

Clear to Y 


43 


51 

ns 

ts 

Data (Dj) 

12 


15 


ns 

th 

Data (Dj) 

12 


15 


ns 

ts 

Enable (E) 

_I 

Active 

17 


20 


ns 

Inactive 

20 


23 


th 

Enable (E) 

0 


0 


ns 

ts 

Clear Recovery (In-Active) to Clock 

13 


15 


ns 

tpw 

Clock 

HIGH 

25 


30 


ns 

LOW 

30 


35 


tpw 

Clear 

22 


25 


ns 

tZH 

Of to Yj 


19 


25 

ns 

tZL 


30 


39 

tHZ 

oF to Yi 


35 


40 

ns 

Cl = B.OpF 

Rl = 2.0k£i 

tLZ 


39 


42 

ttnax 

Maximum Clock Frequency (Note 1) 

25 


20 


MHz 



*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am8120 


DEFINITION OF FUNCTIONAL TERMS 

Dj The D flip-flop data inputs. 

CLR When the clear input is LOW, the Qj outputs are 

LOW, regardless of the other inputs. When the 
clear input is HIGH, data can be entered into the 
register. 

CP Clock Pulse for the Register; enters data into the 

register on the LOW-to-HIGH transition. 

Yj The register three-state outputs. 

E Clock Enable, When the clock enable is LOW, 

data on the Dj input is transferred to the Qj 
output on the LOW-to-HIGH clock transition. 
When the clock enable is HIGH, the Qj outputs 
do not change state, regardless of the data or clock 
input transitions. 

OE Output Control. When the OE input is HIGH, 

the Yj outputs are in the high impedance state. 
When the OE input is LOW, the TRUE register 
data is present at the Yj outputs. 


FUNCTION TABLE 



Inputs 

Internal 

Outputs 

Function 

OE 

CLR 

E 

Di 

CP 

Qi 

Y| 

Hi-Z 

H 

X 

X 

X 

X 

X 

z 

Clear 

H 

L 

X 

X 

X 

L 

z 


L 

L 

X 

X 

X 

L 

L 

Hold 

H 

H 

H 

X 

X 

NIC 

Z 


L 

H 

H 

X 

X 

NC 

NC 

Load 

H 

H 

L 

L 

t 

L 

Z 


H 

H 

L 

H 

t 

H 

z 


L 

H 

L 

L 

t 

L 

L 


L 

H 

L 

H 

t 

H 

H 


H = HIGH NC = No Change 

L = LOW t = LOW-to-HIGH Transition 

X = Don't Care Z = High Impedance 


LOGIC SYMBOL 

3 4 7 8 15 16 19 20 



Vcc ~ 24 

GND = Pin 12 bli -182 


LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



Note: Actual current flpw direction shown. 


By-183 
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Am8127 

AmZBOOO Clock Generator 


DISTINCTIVE CHARACTERISTICS 

• High-drive high-ievel ciock output 

Special output provides clock signal matched 
to requirements of AmZSOOO* CPU (4MHz 
and some 6MHz applications), MMU and 
DMA devices. 

• Four TTL-ievei ciocks 

Generates synchronized TTL compatible 
clocks at 16MHz, 2MHz and 1MHz to drive 
memory circuits and LSI peripheral devices. 
An additional TTL clock is synchronized with 
the CPU high-level clock for registers, latches 
and other peripherals. 

• Synchronized WAIT state and time-out 

controls _ 

On-chip logic generates WAIT signal under 
control of Halt, Single-step, Status and Ready 
signals. Automatic time-out of peripheral 
wait requests. 


FUNCTIONAL DESCRIPTION 

The Am8127 Clock Generator and Controller provides the 
clock oscillator, frequency dividers and clock drivers for the 
complete array of AmZSOOO CPUs, peripherals and mem¬ 
ory system configurations. In addition to the special 4MHz 
output driver for the AmZ8001* and AmZ8002* CPUs, a 
standard buffered TTL 16MHz oscillator output is provided 
for a dynamic memory timing and control. In addition to 
4MHz applications, the Am8127 will also function in some 
6 MHz Z8000 applications. The Am8127 forms an integral 
part of the dynamic memory support chip set including the 
Am8163 EDC and Refresh Controller, Am2964 Dynamic 
Memory Controller, Am2960 Error Detection and Correc¬ 
tion Unit and Am2961/Am2962 EDC Bus Buffers. The os¬ 
cillator is designed to operate with a 16MHz crystal or with 
external 16MHz drive. The Am8127 uses an interna! 
divide-by-4 to provide 4MHz clock drive to the AmZ8001/ 
AmZ8002 CPU. Additional dividers generate synchronous 
buffered 4, 2 and 1MHz clock outputs for use by peripheral 
devices. The clock divider counters are clearable to allow 
synchronizing the multiple clock outputs. 

The controller functions include RESET, RUN/HALT, 
SINGLE-STEP, READY and a READY TIMEOUT counter 
which limits a peripheral’s wait request to 16 clock cycles. 
The CPU’s WAIT input is controlled by RUN/HALT, 
Single-Step, Status and RE ADY. When RUN/HALT is 
LOW the Am8127 drives the WAIT output LOW causing 
the CPU to add wait states (TW). The READY input is 
used by peripherals to re quest w ait states. The active 
LOW input timeout enable, TOEN, is used to force flME- 
OUT LOW and WAIT HIGH 16 clock cycles after a 
peripheral has requested a wait but fails to release the re¬ 
quest. The CPU status lines STi, ST g and ST 3 are de¬ 
coded in the Am8127 to disable the TIMEOUT counter 
during CPU “Internal Operations” and during refresh. 

The 4/3 input controls the clock duty cycle. An internal 
pull-up resistor pulls this input high for AmZ8000 CPUs. 
A LOW input causes the cycle counter to output a 33% 
duty cycle. 


BLOCK DIAGRAM 
CLOCK GENERATOR 



*Z8000, Z8001 and Z8002 are trademarks of Zilog, Inc. 
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Am8127 


DEFINITION OF FUNCTIONAL TERMS 

ZCK Buffered clock output for CPU and peripherals. 

This output has under/overshoot control and 
provides the high level output voltage required 
(Vcc - 0.4V). This output is capable of driving 
multiple CPU clock inputs (or DMA, MMU, etc). 

C Bootstrap input. The capacitor Cb is connected 

from the ZCK clock output to C to provide faster 
ZCK risetime. 

TCK TTL level buffered clock output. TCK is the 

same frequency as ZCK and is synchronized 
wUh ZCK. TCK is in phase with ZCK when the 
4/3 duty cycle control input is HIGH (50% ^ty 
cycle) and out of phase with ZCK when 4/3 is 
LOW (33% ZCK duty cycle). 

TCK/2, TCK/4 TTL buffered clocks for peripherals. TCK/2 and 
TCK/4 are 1/2 and 1/4 the TCK frequency and 
are synchronized with the rising edge of TCK. 

OSC The clock oscillator TTL buffered output. This 

output provides a high speed clock for dynamic 
memory timi ng (e. g. AmZSOOO uses this output 
to generate RAS/MUX-Select/CAS timing for 
dynamic RAMs) or other system application. 
The ZCK and TCK outputs are synchronized to 
the OSC rising edge, 

4/3 Clock duty cycle control for ZCK and TCK. A 

HIGH input (no connection - input has internal 
pull-up) will result in a 50% duty cycle for 
AmZSOOO application. A LOW input will cause a 
33% duty cycle ZCK output. 

CLR The clear active LOW input for internal counters. 

A LOW input meeting set-up and hold time re¬ 
quirements will clear the internal clock counters 
on the rising edge of OSC. 

WAIT The W AIT output for connection to the CPU 

WAIT input. This latched output controls when 
the CPU enters wait states in respo nse to the 
READY, STi, ST 2 , ST 3 , RUN/HALT and Single 
Step inputs. 

READY The active HIGH READY input is used by 

peripherals to request wait states. Ready inputs 
must meet the wait latch set-up and hold time 
requirements. 


The Timeout Counter active LOW output. The 
Timeout Counter c ounts Z CK/TCK clock cycles 
and is used to force WAIT HIGH 15 clock cycles 
after a peripheral has requested a wait but has 
failed to release the request. This output is nor¬ 
mally used to interrupt the CPU. 

The Timeout Enable active LOW input. A LOW 
input allo ws the Tim eout Counter to count, 
causes the TIMEOUT output to go LOW for one 
ZCK/T CK c lock period after 15 cycles and 
forces WAIT HIGH at the rising edge of the 16th 
cycle. A HIG H input disables the counter and 
allow s WAI T to be controlled by the READY, 
RUN/HALT and Single Step inputs. 

The Reset Output to the CPU. It is active LOW 
when the 413 input is HIGH and active HIGH 
when the 4/3 input is LOW. 

The ac tive LOW Re set Input. A LOW input will 
cause RESETOUT to go LOW synchronous 
with ZCK S . Pushbutton reset is imple - 
mented by momentarily grounding RESETIN. 
Power-up reset is implem ented by connecting a 
capacitor from RESETIN to ground. Capacitor 
values from 10/itF to 22/xF will provide a 
power-up of less than one second. 

A debounced input tp allow halt and Single Step 
control modes. A HIGH inpu t allow s the CPU to 
run. A LOW input forces the WAIT output LOW 
causing the CPU to enter conti nuous wait states 
until the ZCK period after RUN/HALT is returned 
to HIGH. 

Single Step control inputs. These debounced 
input allow the CPU to Single Step from one wait 
state to the next by momentarily disconnecting 
SSN C from ground and grounding SSNO. 
RUN/HALT must be LOW for Single Step 
operation. 

STi, ST 2 , ST 3 Status inputs from AmZSOOO CPU’s and 
peripherals. Continuous LOW inputs indicate 
that the CPU-is executing “internal operation” or 
“refresh.” During this time the time out is dis¬ 
abled to avoid signaling an inappropriate inter¬ 
rupt. The status inputs are subject t o the set-up 
and hold time requirements of the WAIT latch. 

Xi,X2 External crystal connections (see applica¬ 

tion section). Xi may be driven directly by a TTL 
input. 


TIMEOUT 


TOEN 


RESETOUT 

(RESETOUT) 


RESETIN 


RUN/HALT 


SSNO, SSNC 


*RESETOUT is active LOW when 4/3 = HIGH. 
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Am8127 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified; 

COM’L Ta = 0 to 70“C Vcc = 5.0V ±5% (MIN. = 4.75V MAX. = 5.25V) 

MIL Ta = -55 to +125°C Vcc = 5.0V ±10% (MIN. = 4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 


Typ 

Parameter Description Test Conditions (Note i) Min (Note 2 ) Max Units 


Vqh 

Output HIGH Voltage 

Vcc == min 

ZCK 

Iqh = -0.1mA 

Vcc-0.4 

Vcc- 0.1 


Volts 

TTL 

Outputs 

Iqh = -1mA 

MIL 

2.4 

3.4 


Volts 

•oh = -2.6mA 

, COM’L 

Vql 

Output LOW Voltage 

Vcc = min 

•OL = 0.1mA, ZCK Output 



0.4 

Volts 

•OL = 16mA, TTL Output 



0.5 

Volts 

VlH 

Input HIGH Level 

Guaranteed input 
HIGH Voltage 

RESETIN 

2.8 

2.25 


Volts 

STi, ST 2 , ST 3 , CLR, 

TOEN, Xi, READY 

2.0 



Volts 

ViL ^ 

Input LOW Level 

Guaranteed input 
LOW voltage 

ST^, ST 2 , ST 3 , CLR, 

TOEN, Xi, READY 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min, liN = -18mA (Note 3) 



-1.5 

Volts 

V|N-V|l 

RESETIN Hysteresis 

Vcc = min 

400 

650 


mV 

l|L 

, 

Input LOW Current 

Vcc = max, 

V|N = 0.4V 

SSNO 



- 1.6 

mA 

SSNC, 4/3, RUN/lTOf, READY 



- 1.2 

mA 

TOEN, CLR, Xi 



-0.72 

mA 

RESETIN, STi, ST 2 , ST 3 



-0.36 

mA 

l|H 

' 

i 

' 

Input HIGH Current 

Vcc = max, 

V|N = 2.7V 

4/3, SSNC, SSNO 

RUN/HALT 


(Note 4) 

-300 

fxJK 

RESETIN 


(Note 4) 

-200 

fxA 

CLR, READY, TOEN 

STi,ST 2 , ST 3 



±50 

/aA 

Xi 



±600 

/xA 


Input HIGH Current 

Vcc = max, 

V|N = 5.5V 

CLR, READY, TOEN 

STi, ST 2 , ST 3 



± 1.0 

mA 

*sc 

Output Short Circuit 
Current (Note 5) 

Vcc - max 

ZCK Output 

-50 


-240 

mA 

Others 

-40 


-130 

mA 

.. 

*cc 

Power Supply Current 

Vcc = max 

Xi = 2.4V, ZCK = TCK’s = LOW 


95 

140 

mA 

Operating, fosc ^ 24MHz (Note 6 ) 


120 

180 



Notes; 1 . For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc ~ 5.0V, 25°C ambient and maximum loading. 

3. Not applicable to X-). 

4. Specification is negative because of interna! input pull-up resistors. 

5. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

6 . For oscillator frequencies up to 24MHz, outputs open. 


STATIC INPUT ELECTRICAL CHARACTERISTICS 

The static control inputs, SSNO, SSNC (Single Step), RUN/H^ 
and 4/3 (clock duty cycle control), are Low-Power Schottky TTL 
compatible inputs with internal pull-up resistors to the ±5V supply. 
They may be left open for a HIGH input (e.g., 4/3 is left open for 
operation with AmZ8001/8002), or grounded for a LOW input. 


SSNO, SSNC and RUN/HALT are intended to be grounded or 
opened by switches. 4/3 is normally left open for AmZ8001/8002. 
These inputs are specified at 0.4V/2.4V for test convenience. 


Parameter Description Test Conditions Min Typ Max Units 


V|H 

Input HIGH Voltage 

Guaranteed HIGH input voltage 

RUN/HALT, SSNO 

2.4 , 



Volts 

ViL 

Input LOW Voltage 

Guaranteed LOW input voltage 

SSNC, 4/3 




Volts 
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Am8127 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65 to +150X 

Temperature (Ambient) Under Bias 

-55 to +125°C 

Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous 

-0.5 to +7V 

DC Voltage Applied to Outputs for HIGH Output State 

-0.5V to +Vqq max 

nr. Input Vnl,«o« Xi,4/3,SSNO,SSNC,RUN/H^ 

-0.5V to Vcc +0-5V 

Other Inputs 

-0.5 to +5.5V 

DC Voltage Applied to C 

-0.5 to +8V 

DC Output Current, Into Outputs 

30 mA 

DC Input Current 

-30 to + 5 .O 1 T 1 A 


SWITCHING CHARACTERISTICS - 
OSCILLATOR, WAIT AND ZCK OUTPUT 

(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Min Typ Max Units Tests Conditions 


^MAX 

Oscillator Frequency 

24 



MHz 

See Test Circuits 
(Note 7) 

Vc 

ZCK Rise Time 

Cl = 80pF 


9 

12 

ns 

ZCK Cl = 80pF 
(Note 8) 

tfC 

ZCK Fall Time • 


7.6 

11 

ns 

Vc 

ZCK Rise Time 

Cl = 200pF 


15.4 

20 

ns 

ZCK Cl = 200pF 
(Note 8) 

^fC 

ZCK Fall Time 


14.0 

20 

ns 

tpLH 

READY to WAIT 


8 

14 

ns 

See Test Circuits 

¥hl 


11.5 

16 

ns 

¥lh 

Status STj to WAIT 


13 

17 

ns 

¥hl 


17.2 

21 

ns 

% 

CLR to OSC (JT) Set-up Time 


15 

18 

ns 

tH 

CLR to OSC (JT) Hold Time 


-11 

-6 

ns 


Notes; 7. Specification is based on fundamental mode crystal. See application section. 
8 . ZCK rise and fall times are based on a bootstrap capacitor value of 27pF. 


SWITCHING CHARACTERISTICS - 4/3 = HIGH (AmZSOOO Mode) 

(Ta = +25X, Vcc = 5.0V) 


Parameters Description Min Typ Max Units Test Conditions 


fs 

READY to ZCK Set-up Time 

(Note 9) 

T/4 + 10 

T/4 + 4.5 


ns 

See Test Circuits 

ZCK Cl = 80pF 

tH 

READY to ZCK Hold Time 

T/4 + 2 

T/4 


ns 

ts 

Status STj to ZCK Set-up Time 

T/4 -h 12 

T/4 + 9.5 


ns 

tH 

Status STj to ZCK Hold Time 

T/4 - 3 

T/4 -7.5 


ns 

ts 

TOEN to ZCK Set-up Time 

30 

22 


ns 

tH 

TOEN to ZCK Hold Time 

-10 

-16 


ns 

tSKEW 

ZCK to OSC 

3 

6 

10 

ns 

tSKEW 

ZCK to TCK 

0 

4.0 

7 

ns 

tpLH 

ZCK to RESETOUT Propagation Delay 

[ 

9.0 

13 

ns 1 

tpHL 


4 

8 

__I 


Note: 9. T = ZCK period. 














Am8127 

SWITCHING CHARACTERISTICS 
OVER OPERA TING R ANGE ~ 
OSCILLATOR, WAIT AND ZCK OUTPUTS* 


Parameters Description Test Conditions 

Am8127COM’L 

Am8127MIL 

Units 

Ta = 0 to +70°C 

Vcc = 5.0V ±5% 

TA = -55to+125*C 
Vcc = 5.0V ±10% 

Min 

Max 

0*0 70*C 

Min 

Max 

-55*C 125*C 

tMAX 

Oscillator Frequency 

(Note 7) 

24 



24 



MHz 

trc 

ZCK Rise Time 

Cl = 80pF 

Cl = 80pF 
(Note 8) 


15 

15 


20 

15 

ns 

tfC 

ZCK Fall Time 


14 

14 


20 

14 

ns 

trC 

ZCK Rise Time 

Cl = 200pF 

Cl = 200pF 
(Note 8) 


25 

20 


32 

20 

ns 

tfC 

ZCK Fall Time 


25 

20 


32 

20 

ns 

tPLH 

READY to WAIT Propagation Delay 

See Test Circuits 


17 

17 


19 

19 

ns 

tPHL 


19 

19 


19 

19 

ns 

tpLH 

Status STj to WAIT Propagation Delay 


20 

20 


22 

22 

ns 

tpHL 


25 

25 


25 

25 

ns 


CLR to OSC (JT) Setup Time 

21 



30 



ns 

tH 

^ to OSC (J) Hold Time 

-3 



_2_ 1 



ns 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


SWITCHING CHARACTERISTICS 
OV^ER OPERATING RANGE - 
4/3 = HIGH (AmZSOOO Mode) 





Am8127 COM’L 

Am8127 MIL 





Ta = 0 to +70*C 
Vcc = 5.0V ±5% 

Ta = ~55to+125°C 
Vcc = 5 0V ±10% 


Parameters 

Description 

Test Conditions 

Min 

Max 

Min 

Max 

Units 

ts 

READY to ZCK Setup Time 


T/4 + 14 


T/4 + 17 


ns 

tH 

READY to ZCK Hold Time 


T/4 + 5 


T/4 + 5 


ns 

ts 

Status STj to ZCK Setup Time 


T/4 + 15 


T/4 + 20 


ns 

tH 

Status STj to ZCK Hold Time 


T/4 


T/4 + 5 


ns 

ts 

TOEN to ZCK Setup Time 

See Test Circuits 

35 


40 


ns 

tH 

TOEN to ZCK Hold Time 

ZCK Cl = 80pF 

-5 


0 


ns 

tSKEW 

ZCK to OSC Skew 


2 

14 

2 

17 

ns 

tSKEW 

ZCK to TCK Skew 


-2 

10 

-2 

14 

ns 

tPLH 

ZCK to RESETOUT Propagation Delay 



16 


20 

ns 

tPHL 



16 


20 

ns 
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Am8127 



SWITCHING TEST CIRCUITS 


80pF 
Cl 4= OR 
200pF 



ZCK Output 


TTL Outputs 


SWITCHING TEST WAVEFORMS 


ZCK RISE AND FALL TIMES 



SET-UP AND HOLD TIMES 


PROPAGATION DELAY TIMES 


SET-UP AND HOLD TIMES 


2.0V FOR ZCK OUTPUT 
: 1.3V FOR TTL OUTPUT 



\ 2.0V FOR ZCK / 

1.3V FOR TTL I/O 


AMZ-021 


AMZ-022 





Am8127 


TYPICAL CRYSTAL SPEC 


Mode 

Fundamental AT cut 

Resonance 

Parallel or Series 

Load 

32pF 

(Net of 56pF C’s shown stray C) 

Stability 

±0.01% 

(or to user requirement) 


WAIT, TIMEOUT FUNCTION TABLE 



— 

SSNC 

ST 3 ST 2 STi 

READY 


TIMEOUT 

COUNTER 



RUN/HALT 

TOEN 

TIMEOUT 

WAIT 

H 

X 

L L L 

H 

X 

Cleared 

H 

H 

L L L 

L 

X 

Cleared 

H 

. . 

H 

AnySTj-H 

H 

L 

Cleared 

H 

H 

L 

H 

Hold 

H 

L 

L 

H 

Count + 1 on ZCK I 

H until 16 clocks 
after ready “L , then 
LOW one ZCK period 

L until 16 clocks 
after ready 1_ ,then 
LOW one ZCK period 

L 

L 

X 

X 

X 

Hold 

H i 

__J 

L 

H 

HIGH one 

ZCK period 


TIMEOUT COUNTER TIMING 



AMZ-027 
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RESETOUT 







Am8127 


CRYSTAL CONTROLLED OSCILLATOR EXTERNAL CLOCK DRIVE 




AMZ-028 AMZ-029 


AmZaOOO APPLICATION 

(50% Duty Cycle ZCK) 




♦RESETOUT is active LOW when 4/3 = HIGH 


AMZ-030 


The typical operating configuration for Am8127 is shown above. 
The component values shown provide a 4MHz clock output for 
the AmZ8002 CPU. The 27pF capacitor from C to ZCK is a 
bootstrap to ensure clock rise to V0Q-O.4V within the specified 


rise time. The 22/xF reset capacitor is chosen to guarantee reset, 
plus adequate delay for reset during power-up with a slowly rising 
Vcc supply voltage. Ground SSNO if RUN/HALT or S-S isn’t 
used. 
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Am8127 


CONNECTION DIAGRAM 
Top View 


SSNO 

1 

J - 

24 

1 Vcc 

SSNC [3 

2 

23 

1 run/haEt 

TCK/4 {Z1 

3 

22 

□ TOEN 

TCK/2 dl 

4 

21 

□ STi 

TCK dZ 

5 

20 

Zl ST2 

^ dl 

6 

19 

Z ST3 

c dl 

7 

18 

d] TIMEOUT 

ZCK dl 

8 

17 

1 READY 

OSC I 

9 

16 

1 WAIT 

X2d: 

10 

15 

1 resetIn 

di 

11 

14 

1 RESETOUT 

GND dl 

12 

13 

Z'4/3 


24 Pin 0.3” wide 


Note; Pin 1 is marked for orientation. 


AMZ-032 


METALLIZATION AND PAD LAYOUT 


SSNO 

SSNC 

TCK/4 

TCK/2 


TCK 

CLR 

C 

ZCK 


OSC 


X2 

Xi 



GND 12 


13 


Vcc 

RUN/HALf 

TOEN 


ST1 

ST2 

ST3 

TIMEOUT 

READY 


WAIT 


RESEfiN 

RESETOUT 

4/3 


DIE SIZE 0.098” X 0.088” 
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Am8127 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Order Number 

Package Type 

(Note 1) 

Operating Range 

(Note 2) 

Screening Level 

(Note 3) 

Am8127DC 

D-24-SLIM 

C 

C-1 

Am8127DCB 

D-24-SLIM 

C 

B-2(Note4) 

Am8127DM 

D-24-SLIM 

M 

C-3 

Am8127DMB 

D-24-SLIM 

M 

B-3 

Am8127LC 

L-28-1 

C 

C-1 

Am8127LCB 

L-28-1 

C 

B-2 (Note 4) 

Am8127LM 

L-28-1 

M 

C-3 

Am8127LBM 

L-28-1 

M 

B-3 

Am8127XC 

Dice 

C 

Visual inspection 

Am8127XM 

Dice 

M 

to MIL-STD-883 
Method 201 OB. 


Notes: 1, D = Hermetic DIP, L Chip Pak. Number following letter is number of leads. 

2. C = 0 to +70°C, Vcc = 4.5 to 5.5V, M = -55 to +125°C, Vcc = 4.50 to 5.50V. 

3. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms 
to MIL-STD-883, Class B. 

4. 160 hour burn-in. 




Am8212 

Eight'Bit Input/Output Port 


Distinctive Characteristics 

• Fully parallel, 8-bit data register and buffer replacing 
latches, multiplexers and buffers needed in micro¬ 
processor systems. 

• 4.0V output high voltage for direct Interface to MOS 
microprocessors, such as the Am9080A family. 

• Input load current 250 mA max. 

• Reduces system package count 


• Available for operation over both commercial and 
military temperature ranges. 

• Service request flip-flop for interrupt generation 

• Three-state outputs sink 15mA 

• Asynchronous register clear with clock over-ride 


FUNCTfONAL DESCRIPTION 

All of the principal peripheral and input/output functions of a 
Microcomputer System can be implemented with the Am8212. 
The Am8212 input/output port consists of an 8-latch with 
3-state output buffers along with control and device selection 
logic, which can be used to implement latches, gated buffers 
or multiplexers. 


LOGIC DIAGRAM 



CONNECTION DIAGRAM 
Top View 



Note: Pin 1 is marked for orientation. 


PIN DEFINITION 


Dli-DIg 

DATA IN 

CO 

O 

Q 

1 

O 

Q 

DATA OUT 

b^-DS2 

DEVICE SELECT 

MD 

MODE 

STB 

STROBE 

iTTf 

INTERRUPT (ACTIVE LOW) 

CLR 

CLEAR (ACTIVE LOW) 


ORDERING INFORMATION 


Package Temperature Order 

Type Range Number 


Hermetic DIP 
Hermetic DIP 
Molded DIP 
Dice 


-55°C to +U5°C 
to +70°C 
0°C to +70°C 
0°C to +70°C 


AM8212DM 

D8212 

P8212 

AM8212XC 
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Am8212 


FUNCTIONAL DESCRIPTION (Cont'd) 

Data Latch 

The 8 flip'flops that make up the data latch are of a "D" type 
design. The output (Q) of the flip-flop will follow the data 
input (D) while the clock input (C) is high. Latching will occur 
when the clock (C) returns low. 

The d ata latch is cleared by an async hrono us reset input 
(CLR). (Note: Clock (C) Overrides Reset (CLR)). 

Output Buffer 

The outputs of the data latch (Q) are connected to 3-state, 
non-inverting output buffers. These buffers have a common 
control line (EN); this control line either enables the buffer 
to transmit the data from the outputs of the data latch (Q) 
or disables the buffer, forcing the output into a high im¬ 
pedance state. (3-state). This high-impedance state allows the 
Am8212 to be connected directly onto the microprocessor bi¬ 
directional data bus. 

Control Logic 

The Am8212 has control inputs DS-j, DS 2 , MD and STB. 
These inputs are used to control device selection, data latching, 
output buffer state and service request flip-flop. 

1^1, DS 2 (Device Select) 

These 2 inputs are used for device selection. When DSi is low 
and DS 2 is high (DSi • DS 2 ) the device is selected. In the 
selected state the output buffer is enabled and the service 
request flip-flop (SR), is asynchronously set. 


MD (Mode) 

This Input is used to control the state of the output buffer and 
to determine the source of the clock input (C) to the data 
latch. 

When MD is high (output mode) the output buffers are en¬ 
abled and the source of clock (C) to the data latch is from the 
device selection logic (D^l • DS 2 ). 

When MD is low (input mode) the output buffer state is 
determined by the device selection logic (DSi • DS 2 ) and the 
source of clock (C) to the data latch is the STB (Strobe) input. 

STB (Strobe) 

This input is used as the clock (C) to the data latch for the 
input mode MD = 0) and to synchronously reset the service 
request flip-flop (SR). 

Note that the SR flip-flop is negative edge triggered. 

Service Request Flip-Flop 

The SR flip-flop is used to generate and control interrupts 
in m icrocomputer systems. It is asynchronously set by the 
CLR input (active low). When the (SR) flip-flop is set it is in 
the non-interrupting state. 

The output of the (SR) flip-flop (Q) is connected to an in¬ 
verting input of a “NOR" gate. The other input to the "NOR" 
gate is non-inverting and is connected to the device s elect ion 
logic (DSi • DS 2 ). The output of the "NOR" gate (INT) is 
active low (interrupting state) for connection to active low 
input priority generating circuits. 


TRUTH TABLE 


STB 

MD 

DSi - DS 2 

Data Out Equals 

0 

0 

0 

Three-State 

1 

0 

0 

Three-State 

0 

1 

0 

Data Latch 

1 


0 

Data Latch 

0 

0 

1 

Data Latch 

1 

0 

1 

Data In 

0 

1 

1 

Data in 

1 

1 

1 

Data In 


CLR 

DSi ” DS 2 

STB 

SR* 

INT 

0 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 

■V 

0 

0 

1 

1 

0 

1 

0 

1 

0 

0 

1 

1 

1 

1 

"V 

1 

0 












CLR — Resets Data Latch 

— Sets SR Flip-Flop (no effect on Output Buffer) 
* Internal SR Flip-Flop 
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Am8212 


MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Voltage 

-0.5Vto+7.0V 

Output Voltage 

-0.5V to +7.0V 

Input Voltages 

-1.0V to +5.5V 

Output Current (Each Output) 

125mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

P8212, D8212 (COM'L) Ta = 0°C to+70°C Vcc = 5.0V ± 5% 

Am8212DM(MIL) Ta =-55°C to+125°C Vcc = 5.0V±10% 

DC CHARACTERISTICS 

Typ. 

Parameters Description Test Conditions Min. (Note!) Max. Units 


If 

Input Load Current 

ACK, DS 2 , CR, Dll - Dls Inputs 

Vp = 0.45V 



-0.25 

mA 

If 

Input Load Current MD Input 

Vp = 0.45V 



-0.75 

mA 

If 

Input Load Current DSi Input 

Vp = 0.45 V 



-1.0 

mA 

Ir 

Input Leakage Current 

ACK, DS, CR, Dll - DIs Inputs 

Vr = 5.25V 



10 

mA 

Ir 

Input Leakage Current MO Input 

Vr = 5.25V 



30 

,A 

Ir 

Input Leakage Current DSi Input 

Vr = 5.25V 



40 

juA 

Vc 

Input Forward Voltage Clamp 

•c —5.0mA 

COM'L 



-1.0 

Volts 

MIL 



ZT2 

_ 

V|L 

Input LOW Voltage 


COM'L 



0.85 

Volts 

MIL 



0.80 

V|H 

input HIGH Voltage 


2.0 


1 

Volts 

VOL 

Output LOW Voltage 

•OL = 15mA 



0.45 

Volts 

VOH 

Output HIGH Voltage 

Iqh —1.0mA 

COM'L 

3.65 

4.0 


Volts 

MIL 

3.3 

. 4.0 .1 


•OH —0;5mA 

MIL 

3.4 

4.0 


isc 

Short Circuit Output Current 

> 

0 

II 

0 

> 

-15 

~ 1 

-75 

mA 

IiqI 

Output Leakage Current 

High Impedance 

Vq = 0.45V/5.25V 


i 

20 

mA 

Icc 

Power Supply Current 

Note 2 


90 

130 

mA 


AC CHARACTERISTICS (Note 3) 


Parameters Description Min. (Notei) Max. Units 


^pw 

Pulse Width 

30 

8 


ns 

Ipd 

—■ - • " - -—^——--— -- — — 

Data to Output Delay 


12 

30 

ns 

^we 

Write Enable to Output Delay 


18 

40 

ns 

*set 

Data Set-up Time 

15 


_ 

ns 

th 

Data Hold Time 

20 



ns 

tr 

Reset to Output Delay 

i 

18 

40 

ns 

ts 

Set to Output Delay 


15 

30 

ns 

1e 

Output Enable/Disable Time 


14 

45 

ns 

tc 

Clear to Output Delay 


25 

55 

ns 


CAPACITANCE (Note 4) 


TEST LOAD (15mA and 30pF) 


F = 1.0MHz, VgiAS = 2.5V, V^q = +5.0V, Ta = 25°C 


Parameters 

Description 

Typ. 

Max. 

Units 

C|N 

DSi MD Input Capacitance 

9.0 

12 

pF 

C|N 

DS 2 , CK, ACK, Dll -DIs 

Input Capacitance 

5.0 

9.0 

PF 

COUT 

DOi -DOs Output Capacitance 

8.0 

12 

pF 


Notes: 1. Typical limits are at Vqq = 5.0V, 25°C ambient and maximum loading. 

2. CLR = STB = HIGH; DS-] = DS2 MD = LOW; all data inputs are gound, all data outputs are open. 

3. Conditions of Test; a) Input pulse amplitude = 2.5V 

b) Input rise and fall times 5.0ns 

c) Between I.OV, and 2.0 V measurements made at 1.5V with 15mA and 30pF Test Load. 

4. This parameter is sampled and not 100% tested. 


Fi 


‘Including Jig and Probe 
Capacitance. 
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Am8212 


TYPICAL CHARACTERISTICS 


Input Current Versus 
Input Voltage 


Output Current Versus 
Output LOW Voltage 


Output Current Versus 
Output HIGH Voltage 






INPUT VOLTAGE - VOLTS 


OUTPUT LOW VOLTAGE - VOLTS 


OUTPUT HIGH VOLTAGE - VOLTS 


Data to Output Delay 
Versus Load Capacitance 



Data to Output Delay 
Versus Temperature 



Write Enable to Output Delay 
Versus Temperature 



LOAD CAPACITANCE - t)F 


TEMPERATURE - “C 


‘temperature - ’C LIC-428 


LOGIC SYMBOLS 


INPUT DEVICE 


OUTPUT DEVICE 



Detailed 


Symbolic 
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TYPICAL APPLICATIONS OF THE Am8212 


GATED BUFFER (3-STATE) 

By tying the mode signal low and the strobe input high, the 
data latch is acting as a straight through gate. The output 
buffers are then enabled from the device selection logic DSi 
and DS 2 . 

When the device selection logic is false, the outputs are 3-state. 

When the device selection logic is true, the input data from the 
system is directly transferred to the output. 



LIC"433 


Bi-Directional Bus Driver 

Two Am8212s wired back to back can be used as a symmetri¬ 
cal drive, bi-directronal bus driver. The devices are controlled 
by the data bus input control which is connected to DS-] on 
the first Am8212 and to DS 2 on the second. While one device 
is active, and acting as a straight through buffer the other is in 
its 3-state mode. 



Lic-434 


Interrupting Input Port 

The Am8212 accepts a strobe from the system input source, 
which in turn clears the service request flip-flop and interrupts 
the processor. The processor then goes through a service rou¬ 
tine, identifies the port, and causes the device selection logic 
to go true ~ enabling the system input data onto the data bus. 



TO PRIORITY CKT 
(ACTIVE LOW) 

TO CPU 

INTERRUPT INPUT 


LIC-435 
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TYPICAL APPLICATIONS OF THE Am8212 (Confd) 


Interrupt instruction Port 


Output Port (With Hand-Shaking) 


The Am8212 can be used to gate the interrupt instruction, nor¬ 
mally RESTART instructions, onto the data bus. The device 
is enabled from the interrupt acknowledge signal from the mi¬ 
croprocessor and from a port selection signal. This signal is 
normally tied to ground. (DSi could be used to multiplex a 
variety of interrupt instruction ports onto a common bus.) 


The Am8212 is used to transmit data from the data bus to a 
system output. The output strobe could be a hand-shaking 
signal such as "reception of data" from the device that the sys¬ 
tem is outputting to. It in turn, can interrupt the system signi¬ 
fying the reception of data. T he se lection of the port comes 
from the device selection logic. (DS-j — DS 2 .) 


RESTART 
INSTRUCTION 
(RST 0- RST 7) 




PORT SELECTION 
> (l^CH CONTROL) 
(DSi -DSjl 

LIC-437 
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Am8216*Am8226 

Four-Bit Parallel Bidirectional Bus Driver 


Distinctive Characteristics 

• Data bus buffer driver for 8080 type CPU's 

• Low input load current — 0.25mA maximum 

• High output drive capability for driving system data 
bus ~ 50mA at 0.5V 

• Am8216 has non-inverting outputs 

• Output high voltage compatible with direct interface 
to MOS 


• Three-state outputs 

• Advanced Schottky processing 

• Available in military and commercial temperature 
range 

• Am8226 has inverting outputs 


FUNCTIONAL DESCRIPTION 

The Am8216 and Am8226 are four-bit, bi-directional bus 
drivers for use in bus oriented applications. The non-inverting 
Am8216, and inverting Am8226 drivers are provided for flexi¬ 
bility in system design. 

Each buffered line of the four bit driver consists of two 
separate buffers that are three-state to achieve direct bus inter¬ 
face and bi-directional capability. On one side of the driver the 
output of one buffer and the input of another are tied together 
(DB), this side is used to Interface to the system side com¬ 
ponents such as memories, I/O, etc., because its interface is 
TTL compatible and it has high drive (50mA). On the other 
side of the driver the Inputs and outputs are separated to 
provide maximum flexibility. Of course, they can be tied 
together so that the driver can be used to buffer a true bi-direc¬ 


tional bus. The DO outputs on this side of the driver have a 
special high voltage output drive capability so that direct inter¬ 
face to the 8080 type CPUs is achieved with an adequate 
amount of noise immunity. 

The CS input Is a device enable. When it is "high" the output 
drivers are all forced to their high-impedance s'tate. When it is 
a "LOW" the device is e nabled and the direction of the data 
flow is determined by the DIEN input. 

The DIEN input controls the direction of data flow which is 
accomplished by forcing one of the pair of buffers Into its high 
impedance state and allowing the other to transmit its data. A 
simple two gate circuit is used for this function. 


Am8216 


LOGIC DIAGRAMS 


Am8226 



ORDERING INFORMATION 


Am8216 

Package Temperature Order 

Type Range Number 


Hermetic DIP -55°C to+125°C MD8216 

Hermetic DIP 0°C to+70°C D8216 

Molded DIP 0°C to+70°C P8216 


Dice 0°Cto+70°C AM8216XC 


CONNECTION DIAGRAM 
Top View 


Am8226 

Order 

Number 


MD8226 

D8226 

P8226 

AM8226XC 


CHIP SELECT CS LI 
DATA OUTPUT DOq LI 
DATA BUS p_ 
BI-DIRECTIONAL ° 0 1_ 

DATA INPUT Dig [H 

DATA OUTPUT DO, 

DATA BUS p_ 
BI-DIRECTIONAL L. 

DATA INPUT Dl, 


Note: Pin 1 is marked 
for orientation. 


GND LJ 



DATA IN ENABLE 
(DIRECTION CONTROL) 
DO3 DATA OUTPUT 


DI3 DATA INPUT 

DO2 DATA OUTPUT 

DATA BUS 
2 BI DIRECTIONAL 

DI2 DATAINPUT 
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Am8216 • Am8226 


MAXIMUM RATINGS (Above which the useful life may be impaired) 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Storage Temperature 

-65°Cto+150°C 

AW Output and Supply Voltages 

-0.5 V to +7.0 V 

All Input Voltages 

-1.0 V to+5.5 V 

Output Currents 

125mA 


Am8216 AND Am8226 MILITARY 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (-55°C to +125°C) 

The following conditions apply unless otherwise specified: 

MD8216, MD8226 (MIL) =-55°C to+1 25°C Vcc = 5.0V ± 10% 

DC CHARACTERISTICS 

Typ. 

Parameters Description Test Conditions Min. (Notei) Max. Units 


iFl 

Input Load Current DIEN, CS 

Vp = 0.45 


-0.15 

-0.5 

mA 

•F2 

Input Load Current All Other Inputs 

Vp = 0.45 


-0.08 

-0.25 

mA 

•ri 

Input Leakage Current DIEN, CS 

Vr - 5.5V 



80 

mA 

•R2 

Input Leakage Current Dl Inputs 

Vr - 5.5V 



40 

juA 

Vc 

Input Forward Voltage Clamp 

IC == —5.0mA 



-1.2 

Volts 

V|L 

Input LOW Voltage 

Am8216 




0.95 

Volts 

Am8226 




0.9 

V|H 

Input HIGH Voltage 


2.0 



Volts 

•o 

Output Leakage Current 
(Three-State) 

DO 

Vo = 0.45V/5.5V 



20 

mA 

DB 



100 

•cc 

Power Supply Current 

Am8216 



95 

130 

mA 

Am8226 



85 

120 

VOL1 

Output LOW Voltage 

DO Outputs Iql "" 15mA 

DB Outputs Iql “ 25mA 


0.3 

0.45 

Volts 

V0L2 

Output LOW Voltage 

DB Outputs Iql ~ 45mA 


0.5 

0.6 

Volts 

VqhI 

Output HIGH Voltage 

DO Outputs 

•oh “ —0.5mA 

3.4 

4.0 


Volts 

Iqh = -2.0 mA 

2.4 



VOH2 

Output HIGH Voltage 

DB Outputs Iqh “ —5.0mA 

2.4 

3.0 


Volts 

•os 

Output Short Circuit Current 

DO Outputs ^ OV, Vqq = 5.0V 

-15 

-35 

-65 

mA 

DB Outputs = OV, Vqo = 5.0V 

-30 

-75 

-120 


AC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (-55°C to+125°C) 


Parameters 

Description 


Test Conditions 

Min. 

Typ. 

(Note 1) 

Max. 

Units 

IPDI 

1 Input to Output Delay DO Outputs 

Cl = 30pF, Ri = 300Li, R 2 = 600L2 


15 

25 

' ns 

1 PD2 

Input to Output Delay DB Outputs 

Am8216 

Cl- 300pF, Ri =90fi, R 2 = 180n 


20 

33 

ns 

Am8226 


16 

25 

lE 

Output Enable Time 

Am8216 

Note 2 

1 

45 

75 

ns 

Am8226 

Note 3 


35 

62 

^D 

_i 

Output Disable Time 

Am8216 

Note 4 


20 

40 


Am8226 


16 

38 

ns 
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Am8216 • Am8226 

Am8216 AND Am8226 COMMERCIAL 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (0°C to +70°C) 

The following conditions apply unless otherwise specified: 

D8216, D8226, P8216, P8226 (COM'L) = 0°C to+70°C Vqc = 5.0V ± 5% 

DC CHARACTERISTICS 

Typ. 


Parameters 

Description 


Test Conditions 

Min. 

(Note 1 ) 

Max. 

Units 

'FI 

Input Load Current DIEN, CS 

Vp = 0.45 


-0.15 

-0.5 

mA 

•F2 

Input Load Current All Other Inputs 

Vp = 0.45 


-0.08 

-0.25 

mA 

Iri 

Input Leakage Current DIEN, CS 

Vr = 5.25V 



20 

mA 

•R2 

Input Leakage Current Dl Inputs 

Vr = 5.25V 



10 

mA 

Vc 

Input Forward Voltage Clamp 

•c “ —5.0mA 



-1.0 

Volts 

V|L 

Input LOW Voltage 




0.95 

Volts 

V|H 

Input HIGH Voltage 


2.0 



Volts 

Mol 

Output Leakge Current 

DO 

Vq = 0.45V/5.5V 



20 

mA 

(Three-State) 

DB 




100 

•cc 

Power Supply Current 

Am8216 



95 

130 

mA 

Am8226 



85 

120 

VoLI 

Output LOW Voltage 

DB Outputs Iql = 15mA 

DB Outputs lOL = 25mA 


0.3 

0.45 

Volts 

VOL2 

Output LOW Voltage 

Am8216 

DB Outputs Iql = 55mA 


0.5 

0.6 


Am8226 

DB Outputs Iql = 50mA 


0.5 

0.6 


Vqhi 

Output HIGH Voltage 

DO Outputs Iqpi = --1.0mA COM'L 

3.65 

4.0 


Volts 

V0H2 

Output HIGH Voltage 

DB Outputs Iqh = —10mA 

2.4 

3.0 


Volts 

•os 

Output Short Circuit Current 

DO Outputs ^ OV 

-15 

-35 

-65 

mA 

DB Outputs Vqq = 5.0V 

-30 

-75 

-120 


AC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (0°C to +70°C) 

Typ. 

Parameters_ Description Test Conditions Min. (Notei) Max. Units 


tPD1 

Input to Output Delay DO Outputs 

Cl = 30pF, R-i = 300n, R2 = 600n 


15 

25 

ns 

tPD2 

Input to Output Delay DB Outputs 

Am8216 

Cl = 300pF, Ri = 90n. R2 = 180J7 


20 

30 

ns 

Am8226 


16 

25 

tE 

Output Enable Time 

Am8216 

Note 2 


45 

65 

ns 

Am8226 

Note 3 


35 

54 

tD 

Output Disable Time 

Note 4 


20 

35 

ns 


TEST CONDITIONS TEST LOAD CIRCUIT 


Input pulse amplitude of 2.5 V. 

Input rise and fall times of 5.0ns between 1.0 and 2.0 volts. 
Output loading is 5.0mA and lOpF. 

Speed measurements are made at 1.5V levels. 
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Am8216 • Am8226 


CAPACITANCE (Note 5) Typ. 


Parameters 

Description 

Test Conditions 

Min. 

(Note 1) 

Max. 

Units 

CjN 

Input Capacitance 

VbIAS = 2 .5V. Vcc = 5 .0V 

Ta = 25°C,f = I.OMHz 

_1 


4.0 

8.0 

pF 

C 0 UTI 

Output Capacitance 


6.0 

10 

pF 

COUT2 

Output Capacitance 


13 

18 

pF 


Notes: 1. Typical values are for T/;^ = 25‘'C, Vqq = 5.0V. 

2. DO outputs, Cl = 30pF, R-j = 300/1 Okfi, R 2 = ISO/I.Okfi; DB outputs. Cl = 300 pF, = 90/10 km, R 2 = ISO/I.OkH. 

3. DO outputs. Cl = 30pF, R^ = 300/10km, R 2 = 600/1.OkH; DB outputs. Cl = 300pF, R., = 90/10km, R 2 = 180/1 .OkU. 

4. DO outputs, Cl = S.OpF, R^ = 300/10km, R 2 = 600/1.OkU; DB outputs. Cl = 5.0pF, R^ = 90/10km, R 2 = 180/1.Okfi. 

5. This parameter is periodically sampled and not 100% tested. 


SWITCHING WAVEFORMS 



0.5V 


FUNCTION TABLE 


DIEN 

cs 


8216 

8226 

DB 

DO 

DB 

DO 

L 

L 

Dl DB 

Dl 

Z 

Dl 

z 

H 

L 

DB=^DO 

z 

DB 

Z 

DB 

L 

H 


-1 

z 

Z 

z 

Z 

H 

H 



Z 

z 

z 


H = HIGH 
L = LOW 


LIC-443 


TYPICAL APPLICATION 


MEMR 



MEMORY AND I/O INTERFACE TO A BI DIRECTIONAL BUS 


Lic-445 
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Am8216 • Am8226 


Metailizatipn and Pad Layout 


Am8216 


CHIP SELECT CS 1- 
OATA OUTPUT DOo 2- 


OATA INPUT OIq 4- 
DATA OUTPUT DO, 5- 






lJ n ^ 

n 4% 

£.[1 Lj 
rs 







n 

i[! LJ 
n 


■ • ^ - I 1 - 

MM 


-j-14- DO3 DATA OUTPUT 


-12 OI3 DATA INPUT 
-11 DO2 DATA OUTPUT 


- 9 DI2 data input 


DIE SIZE 0.066" X 0.090" 


Am8226 


Vcc 


chip SELECT CS 


DATA OUTPUT DOq 

data bus 

81 DIRECTIONAL ^“0 


DATA INPUT DIq 


DATA OUTPUT DO, 

DATA BUS 
Bl DIRECTIONAL 


DATA INPUT Dl, 



GND 


DIE SIZE 0.066" X 0.090" 
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Ann8224 

Clock Generator and Driver for 8080 A Compatible Microprocessors 


Distinctive Characteristics 


• Single chip clock generator/driver for 8080A com¬ 
patible CPU 

• Power-up reset for CPU 

• Ready synchronizing flip-flop 

• Status strobe signal 

• Oscillator output for external system timing 

• Am8224-4 version available for use with 1/xsec in¬ 
struction cycle of Am9080A-4 


• Available for operation over both commercial and 
military temperature ranges 

• Crystal controlled for stable system operation 

• Reduces system package count 

• Advanced Schottky processing 


FUNCTIONAL DESCRIPTION 

The Am8224 is a single chip Clock Generator/Driver for the 
Am9080A and 8080A CPU. It contains a crystal-controlled 
oscillator, a "divide by nine" counter, two high-level drivers 
and several auxiliary logic functions, including a power-up 
reset, status strobe and synchronization of ready. Also pro¬ 
vided are TTL compatible oscillator and 02 outputs for 
external system timing. The Am8224 provides the. designer 
with a significant reduction of packages used to generate 
clocks and timing for the Am9080A or 8080A for both com¬ 
mercial and military temperature range applications. A high 
speed version, the Am8224-4, is available for use with the high 
speed Am9080A-4. 


LOGIC DIAGRAM 


XTAL 1 - 
XTAL 2 - 


OSCILLATOR 


-|>- 

_f> -IL*, 

_L. -!>2(TTL) 




ORDERING INFORMATION 


Package 

Type 

Hermetic DIP 
Hermetic DIP 
Molded DIP 
Dice 

Hermetic DIP 


Temperature 

Range 

-55°Cto+125°C 
0°Cto -^70°C 
0°Cto -1-70° C 
0°Cto 4-70°C 
0°Cto ■H70°C 


Order 

Number 

AM8224DM 

D8224 

AM8224PC 

AM8224XC 

AM8224-4DC* 


* For use with Am9080A-4 with clock period between 250ns and 320ns. 


PIN DEFINITION 


XTAL 1 

CONNECTIONS FOR CRYSTAL 

XTAL 2 

TANK 

USED WITH OVERTONE XTAL 

OSC 

OSCILLATOR OUTPUT 

02 <TTL) 

<^2 CLK (TTL LEVEL) 

< 

o 

o 

-t-5.0V 

Q 

Q 

> 

+12V 

GND 

OV 

RESIN 

RESET INPUT 

RESET 

RESET OUTPUT 

RDYIN 

READY INPUT 

READY 

READY OUTPUT 

SYNC 

SYNC INPUT 

STSTB 

STATUS STB (ACTIVE LOW) 


Am9080A/8080A CLOCKS 

<l>2 


CONNECTION DIAGRAM 
Top View 



Note: Pin 1 is marked for orientation. LIC-620 
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Am8224 

MAXIMUIVI RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto-Fl50‘C 

Temperature (Ambient) Under Bias 

—55°Cto+125'’C 

Supply Voltage to Ground Potential 


< 

0 

0 

7.5V 

VpD 

15V 

Maximum Output Current 01 ai^cl 02 (Note 1) 

100mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


The Following Conditions Apply Unless Otherwise Noted: 






Am8224XC, Am82244XC (COM'L) 
Am8224XC(MIL) 

Parameters Description 

T/\ = 0°C to -1-70° C 

Ta = -55°Cto-t-125°C 

Vcc == 5.0V ± 5% 
Vcc = 5.0V± 10% 

Test Conditions 

Vdd 1 2V ± 5% 

Vqd = 12V ± 10% 

Min. 

Typ. 

(Note 2) 

Max. 

Units 


If 

Input Current Loading 

Vp= 0.45 V 



-0.25 

mA 

Ir 

Input Leakage Current 

Vr = 5.25 V 



10 

mA 

Vc 

Input Forward Clamp Voltage 

Ic ~ —5.0mA 

' 

COM’L 



-1.0 

Volts 

MIL 



-1.2 

V,L 

Input LOW Voltage 

Vcc == 5.0 V 



0.8 

Volts 

V|H 

Input HIGH Voltage 

Reset input 

COM'L 

2.6 

2.2 


Volts 

MIL 

2.8 

2.2 


All other inputs 

2.0 



ViH-ViL 

RESIN Input Hysteresis 

Vcc-5.0 V 

0.25 

0.5 


Volts 

_j 

0 

> 

Output LOW Voltage 

(01,02), Ready, Reset, STSTB 

Iql ~ 2.5mA 



0.45 

Volts 

~1 

All other inputs 
• OL ~ 15mA 



0.45 

VOH 

Output HIGH Voltage 

<^1'<^2''oh = -100mA 

COM'L 

9.4 

11 


Volts 

MIL 

Vdd -1 -Sv 

Vdd- 1 -Ov 


READY, RESET; Iqh = “IOOmA 

COM'L 

3.6 

4.0 


MIL 

3.35 

4.0 


All other outputs; Iqh “ —1.0mA 

2.4 

3.0 


ISG 

Output Short Circuit Current 
(All Low Voltage Outputs Only) 

Vq = 0 V 

Vcc-5.0 V 

--10 


-60 

mA 

•cc 

Power Supply Current 

Vcc = max. (Note 3) 


70 

115 

mA 

Iqd 

Power Supply Current 

VpD - *^AX. 


5.0 

12 

mA 


Notes: 1. Caution: 0i and 02 outputs do not have short circuit protection. 

2. Tvpicallimits are at Vqq - 5.0 V, Vqq = 12 V, 25°C ambient and maximum loading. 

3. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 


CRYSTAL REQUIREMENTS 


TEST CIRCUIT 


Tolerance: .005% at 0®C - 70°C 
Resonance: Series (Fundamental)* 
Load Capacitance: 20-35pF 
Equivalent Resistance: 75-20 ohms 
Power Dissipation (Min): 4mW 

*With frequency in excess of I8MH2 
use 3rd overtone XTALs and tank 
circuit. i 
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AC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Am8224 


Am8224-4XC 

Am8224XM Am8224XC (Note 2) 

Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units 



01 Pulse Width 

Cl=20pF 
to 50pF 

2tCY 

—^-23ns 

9 



2tCY 

—-20ns 

9 



45 



ns 

t02 

02 Pulse Width 

5lCY 

-35ns 

9 



5tcY 

-35ns 

9 



110 



tD1 

01 to 02 Delay 

0 



0 



0 



tD2 

02 to 01 Delay 

2lCY 

-17ns 

9 



-14ns 

9 



35 



tD3 

01 to 02 Delay 

2tCY 

9 


2tCY 

-+22ns 

9 

2tCY 

9 


2tCY 

-+20ns 

9 

55 


76 

tr 

01 and 02 Rise Time 



20 


— 

20 



20 

tf 

01 and 02 Fall Time 



20 



20 



20 

^D02 

02 to 02(TTL) Delay 

02(TTL), 

Cl = 30pF 

Rl = 300^^ 

R2 = 600n 

-20 


15 

-20 


15 

-20 


15 

ns 

^DSS 

02 to STSTB Delay 


-33ns 

9 


6tCY 

9 

6tcY 

—-30ns 

9 


6tcY 

■ 9 

137 


167 

ns 

tpw 

STSTB Pulse Width 

■ 

STSTB, 

Cl = 15pF, 

Rl = 2.0kn 

R2 = 4.0i<Ci 

-18ns 

9 


1 

i 

-15ns 

9 



18 



tDRS 

RDYIN Set-up Time 
to Status Strobe 

4tcY 

50ns- 

9 



50ns- 

9 



-61 


1-^- 

tDRH 

RDYIN Hold Time 

After STSTB 

4tcY 

9 


... 1 

^ICY 

9 



111 

i 


tQR 

RDYIN or RESIN 
to 02 Delay 

Ready and Reset 
Cl = lOpF 

Rl = 2.0kf2 

F(2 = 4.0kn 

4tcY 

-25ns 

9 


i 

4tCY 

-25ns 

9 



86 



ns 

tCLK . 

CLK Period 



Icy 

9 



tCY 

9 



28 



^Max. 

Maximum Oscillating 
Frequency 


27 



28.12 



36 

, 


MHz 

Cin 

Input Capacitance 

Vcc = 5.0V 
Vdd = 12V 

VbiaS = 2.5V 
f = 1.0MHz 



8.0 

_1 

1 

8.0 


1 

8.0 

PF 


AC CHARACTERISTICS (For tcv = 488.28ns) 

Ta = 0°C to+70°C Vcc = +5.0V±5% Voo = +12V±5% 


Parameters 

Description 

Test Conditions 

Min. 

Typ. 

Max. 

Units 

Vi 

01 Pulse Width 


89 



ns 

V2 

02 Pulse Width 


236 



ns 

tD1 

Delay 01 to 02 

01 and 02 Loaded 

Cl = 20 to 50pF 

0 



ns 

*02 

Delay 02 to 0i 

95 



ns 

*03 

Delay 0i to 02 Leading Edges 

109 


129 

ns 

tr 

Output Rise Time 




20 

ns 

*f 

Output Fall Time 




20 

ns 

*DSS 

02 to STSTB Delay 


296 


326 

ns 

*002 

02 to 02 (TTL) Delay 


-20 


15 

ns 

*PW 

Status Strobe Pulse Width 


40 



ns 

*DRS 

RDYIN Set-up Time to STSTB 

1 

Ready and Reset Loaded i 

-167 



ns 

tORH 

RDYIN Hold Time After STSTB 

Cl = 20 to 50pF 

217 



ns 

*DR 

! Ready or Reset to 02 Delay 

Rl = 2.0kfZ , R2 =4.0k!:2 

192 



ns 

FREQ 

Oscillator Frequency 




18.432 

MHz 


Notes: 1. At! measurements referenced to 1.5V unless specified otherwise. 

2. Am8224-4 parameter limits are given for t^y ~ 250ns or an oscillating frequency of 36MH2. Between 28.12MHz and 36MHz min. and max. limits 
should be ratioed between the calculated Am8224XC limits at 28.12MHz and the given 36MHz parameter limits. 
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Oscillator 

The oscillator circuit derives its basic operating frequency 
from an external, series resonant, fundamental mode crystal. 
Two inputs are provided for the crystal connections (XTALI, 
XTAL2). 

The selection of the external crystal frequency depends mainly 
on the speed at which the CPU is to be run. Basically, the 
oscillator operates at 9 times the desired processor speed. 

The formula to determine the crystal frequency is: 

f(XTAL) = — 1 - times 9 
tCY 

When using crystals above 10MHz a small amount of frequency 
"trimming" is necessary to produce the desired frequency. The 
addition of a selected capacitance (20pF — 30pF) in series 
with the crystal will accomplish this function. 

Another input to the oscillator is TANK. This input allows 
the use overtone mode crystals. This type of crystal generally 
has a much lower output at its rated frequency and has a ten¬ 
dency to oscillate at its fundamental. 


To avoid the unwanted oscillation and increase the desired 
frequency output it is necessary to provide a parallel tuned 
resonant circuit of low impedance. The external LC network is 
connected to the TANK input and is AC coupled. See typical 
application with Am8228 and Am9080A in Figure 2. 

The formula for the LC network is: 


27r y/lC 

The output of the oscillator is buffered and brought out 
on OSC (pin 12) so that other system timing signals can be 
derived from this stable, crystal-controlled source. 

Clock Generator 

The Clock Generator consists of a synchronous "divide by 
nine" counter and the associated decode gating to create the 
waveforms of the two clocks and auxiliary timing signals. 

The waveforms generated by the decode gating follow a 
simple 2-5-2 digital pattern. See Figure 2. The clocks gen¬ 
erated; 01 and 02 , can best be thought of as consisting of 
"units" based on the oscillator frequency. Assume that one 
"unit" equals the period of the oscillator frequency. By mul¬ 
tiplying the number of "units" that are contained in a pulse 
width or delay, times the period of the oscillator frequency, 
the approximate time in nanoseconds can be derived. 
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The outputs of the clock generator are connected to two 
high level drivers for direct interface to the CPU. A TTL level 
phase 2 is also brought out 02 (TTL) for external timing 
purposes. It is especially useful in DMA dependent activities. 
This signal is used to gate the requesting device onto the bus 
once the CPU issues the Hold Acknowledgement (HLDA). 

Several other signals are also generated internally so that 
optimum timing of the auxiliary flip-flops and status strobe 
(STSTB) is achieved. 


<^1 


'>2 



I 



EXAMPLE: = 500ns 

OSC = 18mH?/55ns 
(!>■^ - 110ns (2 X 55ns) 

02 = 275ns (5 X 55ns) 
02--01 = 110ns (2 X 55ns). 


Am8224 

flop is required. The Am8224 has this feature built-in. The 
RDYIN input presents the asynchronous "wait request" to 
the "D" type flip-flop. By clocking the flip-flop with 02 d, a 
synchronized READY signal at the correct input level, can be 
connected directly to the CPU. 



Figure 1. Clock Generator Waveforms. 


Figure 2. Typical Application with Am8224 
and Am9080A. 


STSTB (Status Strobe) 

At the beginning of each machine cycle the CPU issues status 
information on its data bus. This information tells what type 
of action will take place during that machine cycle. By bringing 
in the SYNC signal from the CPU, and gating it with an inter¬ 
nal timing signal {0 ia)/ active low strobe can be derived 
that occurs at the start of each machine cycle at the earliest 
possible moment that status data is stable-on the bus. The 
STSTB signal connects directly to the Am8228 System Con¬ 
troller. 

The power-on Reset also generates STSTB, but of course, 
for a longer period of time. This feature allows the Am8228 
to be automatically reset without additional pins devoted for 
this function. 

Power-On Reset and Ready Flip-Flops 

A common function in microcomputer systems is the genera¬ 
tion of an automatic system reset and start-up upon initial 
power-on. The Am8224 has a built-in feature to accomplish 
this feature. 

An external RC network is connected to the RESIN input. 
The slow transition of the power supply rise is sensed by an 
internal Schmitt Trigger. This circuit converts the slow trans¬ 
ition into a clean, fast edge when its input level reaches a 
predetermined value. The output of the Schmitt Trigger is 
connected to a "D" type flip-flop that is clocked with 02 d 
( an internal timing signal). The flip-flop is synchronously 
reset and an active high level that complies with the micro¬ 
processor input spec is generated. For manual switch type 
system Reset circuits, an active low switch closing can be 
connected to the RESIN input in addition to the power-on 
RC network. 

The R EAD Y input to the CPU has certain timing specifications 
such as "set-up and hold" thus, an external synchronizing flip- 


APPLICATION PRECAUTIONS WHEN USING Am8224 UP 
TO 36IVIHZ 

Usage with Third Harmonic Crystal or Am9080A-4 

The use of the Am8224 with a third harmonic crystal requires 
a minor modification to the external circuitry associated with 
the Am8224. The changes are as follows: 

— Series capacitor in conjunction with the xtal 

— Adding a tuned circuit in the "tank" lead 

— Tuning of circuit to proper frequency 

It is’ necessary to maintain the crystal activity to a proper level 
if an xtal controlled circuit is to operate properly, A 20-30pfd 
capacitor placed in series will help achieve this level in third 
overtone crystal, while helping to suppress the fundamental 
mode. The Am8224 has an auxiliary port provided to allow 
for a tuned circuit. This tuned circuit eliminates the tendency 
of the circuit to oscillate at the crystal's fundamental. The 
tank or tuned circuit must have the following properties: 

1. It must be parallel resonant at the crystal frequency (third 
order). 

2. The off resonance impedance must be low enough to spoil 
the AC gain of the Am8224. 

3. The circuit must be DC decoupled (or returned to Vqc) at 
a low impedance (substantially below 100^2). 


All frequency determining components must be in close prox¬ 
imity to the Am8224. Insert crystal and tune tank for best 
waveform at Pin 12 (OSC). If counter is available, adjust for 
match of crystal marking. The circuit in Figure 3 will accom¬ 
plish the above result for the 36MHz range. 





Am8224 



C-] = E.F. Johnson 
275-0430*006 
5-30pF Trimmer or Equiv. 


Vcc 

Due to the nature of our device (fast switching, higher voltage) 
it is necessary to provide a bypass capacitor from Vqc fo 
ground in the immediate proximity of the Am8224. This 
insures proper operation of the device while reducing noise 
spiking on adjacent circuits. 


Resin Bypass 

The use of a high impedance capacitor for timing R-C, and/or 
timing components remotely located from the Am8224 device 
may cause a disturbance to occur during the linear transition 
region. The capacitor for this function should be of the ceramic 
type and a value of lOOOpF or greater. 

This can be cured by placing a >1000pfd ceramic capacitor 
from Resin (Pin 2) to Ground (Pin 8) in the immediate prox¬ 
imity of the device. This will allow the timing R-C to be placed 
at will. 


Li = J.W. Miller Inductor 
9230-08 


APPLICATIONS 


RESET 
RESIN 
RDYIN 
READY 
SYNC 
<l>2 (TTL) 

STSTB 
GND 

LIC-626 

The Am8224 can be driven from an external source of fre¬ 
quency by connecting as shown and driven with approxirpately 
BOOmV over a wide frequency range. 



RESET C 1 
RESIN 2 
RDYIN C 3 
READY 4 
SYNC C 5 
^<TTU 6 
STSTB C 7 
GND 8 




H Vcc 

XTAL 1 
^ XTAL2 
]] TANK 
H DSC 
01 
U 02 
H ''dd 


1 

J 


LIC-627 

The Am8224 can oscillate without a xtal by placing a small 
value capacitor (10->200pF) in place of a Crystal. 


Metallization and Pad Layout 


RESET 

RESIN 

RDYIN 


XTAL 1 

XTAL 2 


READY 

SYNC 

02<TTL) 


TANK 

DSC 

01 


STSTB 

GND 


02 


V 


DD 



DIE SIZE 0.085" X 0.084” 
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Ann8228 • Ann8238 

System Controller and Bus Driver for 6060A Compatible Microprocessors 


Distinctive Characteristics 

• Multi-byte instruction interrupt acknowledge 

• Selectable single level vectored interrupt (RST-7) 

• 28-pin molded or hermetic DIP package 

• Single chip system controller and data bus driver for 
Am9080/8080A systems 

• Am8238-4 high speed version available for use with 
Ijusec instruction cycle of Am9080A-4 


• Bi-directional three-state bus driver for CPU indepen¬ 
dent operation 

• Advanced low-power Schottky processing 

• Available in military and commercial temperature 

range __ 

• Am8238 has extended lOW/MEMW pulse width 


FUNCTIONAL DESCRIPTION 

The Am8228 and Am8238 are single chip System Controller 
Data Bus drivers for the Am9080A Microcomputer System. 
They generate all control signals required to directly interface 
Am9080A/8080A compatible system circuits (memory and 
I/O) to the CPU. 

Bi-directional bus drivers with three-state outputs are provided 
for the system data bus, facilitating CPU independent bus 
operations such as direct memory access. Interrupt processing 
is accommodated by means of a single vectored interrupt or 
by means of the standard 8080A multiple byte, interrupt vector 
operation. 


LOGIC DIAGRAM 



ORDERING INFORMATION 


Package 

Type 

Molded DIP 
Hermetic DIP 
Hermetic DIP 
Dice 

Hermetic DIP 
Molded DIP 


Temperature 

Range 

0°C to -1-70° C 
0°C to -r70°C 
-55°Cto +125°C 
0°C to +70° C 
0°C to +70° C 
0°C to +70°C 


Am8228 

Order 

Number 

AM8228PC 

D8228 

AM8228DM 

AM8228XC 


Am8238 

Order 

Number 

AM8238PC 

D8238 

AM8238DM 

AM8238XC 

AM8238-4DC* 

AM8238-4PC* 


*For use with Am9080A-4 with minimum 
clock period of 250ns. 


LOGIC SYMBOL 


3 

4 



Do dbin wr 

13 

u 

1C 


O 2 DB2 

D3 Bl- DB-, 

DIRECTIONAL 

BUS DRIVER *^“4 
Dg DBg 

Dg DBg 

D7 DB7 


12 - ■- 


10 


^ * 



' " ”0 

2 _" 


8 — — 

► 7 


CONTROL Tnta 

__ 23 

^ ^ 24 


MEM R 

STATUS iCTcifriA; 

strobe 



^ * 25 

2 ► 

BUSEN 1 /O W 

_^ 27 





Vcc = 28 

GND = Pin 14 


CONNECTION DIAGRAM 
Top View 



Note: Pin 1 is marked for orientation. 


LIC-629 


LIC-630 
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Am8228 • Am8238 

MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65°Cto+150°C 

Temperature (Ambient) Under Bias 

-55°Cto+125°C 

Supply Volatge to Ground Potential (Pin 28 to Pin 14) Continuous 

-0.5Vto+7.0V 

DC Voltage Applied to Outputs for HIGH Output State 

—0.5 V to +Vcc ftiax. 

DC Input Voltage 

-1.5V to +7.0V 

DC Output Current, Into Outputs 

50mA 

DC Input Current 

—30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS The Following Conditions Apply Unless Otherwise Noted: 

Am8228XM, Am8238XM = -55°C to +125°C . Vcc^lN. = 4.50V Vcc^AX. = 5.50V 

Am8228XC, Am8238XC. Am8238-4XC = 0°C to+70®C Vcc^IN. = 4.75V Vcc^AX. = 5.25V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Parameters 

Description 

Test Conditions (Note 2) 


Min. 

(Note 1) 

Max. 

Units 




•oh = -10)uA 

D0-D7 

MIL 

3.35 

3.8 



VOH 

Output HIGH Voltage 

Vcc = MIN. 

COM'L 

3.6 

3.8 


Volts 




•oh = —1.0mA 

All other outputs 

2.4 




VOL 

Output Low Voltage 

Vcc = MIN. 

•OL ~ 2.0mA 

D0-D7 



0.45 

Volts 

•OL ~ 10mA 

All other outputs 



0.45 

Vc 

Input Clamp Voltage (All Inputs) 

Vcc = MIN., 

Ic = —5.0mA 




-0.75 

-1.0 

Volts 

Vth 

Input Threshold Voltage (All Inputs) 

Vcc = 5.0V 

0.8 


2.0 

Volts 





STSTB 



-500 


If 

Input Load Current 

Vcc = max. 

, Vp * 0.45V 

□2 and D0 



-750 

mA 





All other inputs 



-250 


•r 

Input Leakage Current 

Vcc = I^AX., Vr = 5.25V 

DB0-DB7 



20 

mA 

All other inputs 



100 

•iNT 

INTA Current 

See INTA test circuit 



5.0 

mA 

lO(OFF) 

Offstate Output Current (All Control Outputs) 

Vcc = MAX., Vq = 5.25V 



100 

HA 

Vq = 0.45 V 



”“-100 

•os 

Short Circuit Current (All Outputs) 

Vcc = 5.0V 

-15 


-90 

mA 

•cc 

Power Supply Current 

Vcc = max. 


140 

190 

mA 


AC CHARACTERISTICS 

OVER OPERATING TEMPERATURE RANGE 

Test 

Parameters Description Conditions 


Am8228XM/ Am8228XC/ 

Am8238XM Am8238XC Am8238-4XC 

Typ. Typ. Typ. 

Min. (Notel) Max. Min. (Notel) Max. Min. (Note 1) Max. 


Units 


tpw 

Width of Status Strobe 


22 



22 



22 



ns 1 

^SS 

Set-up Time, Status Inputs D0-D7 


12 



8.0 



8.0 



ns 1 

tSH 

Hold Time, Status Inputs D0-D7 


5.0 



5.0 



5.0 



ns 1 

tDC 

Delay from STSTB to MEMR 

LL 

a 

0 

0 

. _i 

0 

20 

30 

60 

20 

30 

60 

20 

30 

40 

. 1 

ns 1 

Delay from STSTB to INTA, lOR 

20 

30 

60 

20 

30 

60 

20 

30 

45 

Delay from STSTB to all other 

Qontrol Signals 

20 

30 

60 

20 

30 

60 

20 

30 

60 

tRR 

Delay from DBIN to Control Outputs 


15 

35 


15 

30 


15 

30 

ns 

tRE 

Delay from DBIN to 

8080A Bus 

Enable 

Cl= 25pF 


25 

45 


25 

45 


12 

20 

ns- 

Disable 


25 

45 


25 

45 


25 

35 

tRD 

Delay from System Bus to 8080A 

Bus During Read 


15 

30 


15 

30 


15 

20 

ns 

tWR 

Delay from WR to Control Outputs 

Cl= lOOpF 

5.0 

20 

45 

5.0 

20 

45 

5.0 

20 

45 

ns 

twE 

Delay to Enable System Bus DB0-DB7 

After STSTB 


1 25 

36 


25 

30 


1 ,■■■■ ■ ■“ 

' 25 

30 

ns 

two 

Delay from 8080A Bus D0-D7 to 

System Bus DB0-DB7 During Write 

5.0 

j 20 

40 

5.0 

20 

40 

5.0 

20 

40 

ns 

tE 

Delay from System Bus Enable 
to System Bus DB0-DB7 


1 25 

35 


25 

30 


20 

30 

ns 

tHD 

HLDA to Read Status Outputs 


I 15 

28 


15 



15 1 25 

ns 

tDS 

Set-up Time, System Bus Inputs to HLDA 


10 



10 



10 



ns 

tDH 

Hold Time, System Bus Inputs to HLDA 


20 

! 

i__ 


20 



20 



ns 


Notes: 1. 


2 . 


Typical values are for = 25°C and nominal supply voltages. , 

For conditions shown as MIN. or MAX., use the appropriate value specified under electrical characteristics for the applicable device type. 

11-36 




























Am8228 • Am8238 


CAPACITANCE (This parameter is periodically sampled and not 100% tested.) 
Parameters Description Test Conditions 


VbIAS = 2.5V. Vcc = 5.0V 
Ta = 25°C, f = 1.0MHz 


C|N 

Input Capacitance 

Gout 

Output Capacitance Control Signals 

I/O 

I/O Capacitance (D or DB) 


Typ. 

(Note 1) 

Max. 

Units 

8.0 

12 

PF 

7.0 

15 

PF 

8.0 

15 

pF 


SWITCHING WAVEFORMS 












Ani8228 • Am8238 


TEST CIRCUITS 



LIC-633 


Note 1. ForDQ — D 7 ;Ri= 4.0kfi, R 2 = Cl = 25pF. 

For all other outputs; Ri = 500R 2 = 1.0kO, Cl - lOOpF. 


INTA (for RST 7) 



Test Circuit for DBIN to 8080A BUS 


tRE 

S1 

S2 

Enable 8080 bus, HIGH-Z to logic "0” 
Enable 8080 bus, HIGH-Z to logic "1” 
Disable 8080 bus, logic "0”to HIGH-Z 
Disable8080 bus, logic "1 "to HIGH-Z 

Closed 

Open 

Closed 

Open 

Open 

Closed 

Open 

Closed 


FUNCTIONAL DESCRIPTION 


Bi-Directional Bus Driver: An eight-bit, bi-directional bus 
driver is provided to buffer the Am9080A/8080A data bus 
from Memory and I/O devices. The Am9080A data bus has 
an input requirement of *3.0 volts (min) and can drive (sink) 
a current of at least 3.2mA. The Am8228 • Am8238 data bus 
driver matches these input requirements and provides enhanced 
noise immunity. The output drive is set for 10mA typical for 
Memory and I/O devices. 

The Bi-Directional Bus Drive is controlled by signals from the 
Gating Array for proper bus flow and the outputs can be 
forced to high impedance state (three-state) for DMA activities. 

Status Latch: The Am8228 • Am8238 st ores the status infor¬ 
mation in the Status Latch when the STSTB input goes 
"LOW”. The output of the Status Latch is connected to the 
Gating Array and is part of the Control Signal generation. 

Gating Array: The Gating Array generates control signals 
(MEM R, MEM W, I/O R, I/O W and INTA) by gating the 
outputs of the Status Latch Am9080A signals; i.e., DBIN, WE, 
and HLDA. 


*The 8080A has an input requirement of 3.3V and can drive a maxi¬ 
mum current of 1.9mA. 


The "read" control signals (MEM R, I/O R and INTA) are 
derived by combinational logic from Status Bit and the DBIN 
input. 

The "write" control signals (MEM W, I/O W) are similarly 
derived from the Status Bits and the WR input. 

All Control Signals are "active LOW" and directly interface 
RAM, ROM and I/O components. 

The INTA control signal is normally used to gate the "inter¬ 
rupt instruction port” onto the bus. It also provides a special 
feature in the Am8228 • Am8238. If only one basic vector is 
needed in the interrupt structure, the Am8228 • Am8238 can 
automatically insert a RST 7 instruction onto the bus. To use 
this option, connect the INTA output of the Am8228 • 
Am8238 (pin 23) to the +12 volt supply through a series 
resistor (Ik ohms). The voltage is sensed internally by the 
Am8228 • Am8238 and logic is "set-up” so that when the 
DBIN input is active, a RST 7 instruction is gated on to the 
bus when an interrupt is acknowledged. 

When using a multiple byte instruction as an Interrupt Instruc¬ 
tion, the Am8228 • Am8238 will generate an INTA pulse for 
each of the instruction bytes. 

The BUSEN (Bus Enable) input of the Gating Array is an 
asynchronous input that forces the data bus output buffers 
and control signal buffers into their high-impedance state if 
it is a "HIGH”. If BUSEN is a "LOW”, normal operation of 
the data buffer and control signals take place. This facilitates 
CPU independent bus operations such as direct memory access. 
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Ain8228 • Am8238 


DEFINITION OF FUNCTIONAL TERMS 


LOADING RULES 


D 7 -D 0 

DB7-DB0 

I/OR 

iTow 

MEM R‘ 
MEM W 
DBIIM 
iNTA 

HLDA 

Wr 

BUSEN 


STSTB 


ST STB 
HLDA 
VVR 


DBIN 

DB4 

D4 

DBy 

D;, 

DB3 

D3 

DB;, 

D3 

DBo 


Data bus to-from Am9080A/8080A 
Data bus to-from user system 
Input/output read strobe output active LOW 
Input/output write strobe output active LOW 
Memory read strobe, output, active LOW 
Memory write strobe, output, active LOW 
Data bus input strobe, input active HIGH 
Interrupt acknowledge strobe, input, active 
LOW 

Hold input from Am9080A/8080A active 
HIGH 

Write input strobe, active HIGH 

BUS ENABLE INPUT, input, 3-state output 

control, active LOW for 3-state out 

Status Strobe, input, strobes status on data 

bus into status latch, active LOW 


Metallization and Pad Layout 



''cc 

l/OW 

MEMW 

I/OR 

WIEMR 

INTA 

BUSEN 

De 


DBg 

D5 

DB5 

Di 


Signal 

Pin No. 

Input Load 

Output 

Sink 

Output 

Source 

Do 

15 

250mA 

2mA 

-10m A 

Di 

17 

250)uA 

2mA 

-IOmA 

02 

12 

750juA 

2mA 

-10m A 

D3 

10 

250m A 

2mA 

-IOmA' 

□4 

6 

250mA 

2mA 

-10m A 

05 

19 

250mA 

2mA 

-10m A 

06 

21 

750mA 

2mA 

-10m A 

07 

8 

250mA 

2mA 

-10m A 

OBo 

13 

250mA 

10mA 

-1mA 

DBi 

16 

250mA 

10mA 

-1mA 

DB2 

11 

250m A 

10mA 

— 1mA 

DB3 

9 

250mA 

10mA 

—1 mA 

DB4 

5 

250mA 

10mA 

-1mA 

DB5 

18 

250mA 

10mA 

-1mA 

oBe 

20 

250mA 

10mA 

-1mA 

DB7 

7 

250mA 

10mA 

-1mA 

STSTB 

1 

500mA 

- 

- 

DBIN 

4 

250mA 

_ 

- 

WR 

3 

250mA 

_ 

_ 

HLDA 

2 

250mA 

- 

- 

MEM R 

24 

- 

10mA 

-1mA 

MEM W 

26 

- 

10mA 

-1mA 


25 

- 

10mA 

-1mA 

row 

27 

- 

10mA 

— 1mA 

BUSEN 

22 

250mA 

_ 

- 


23 


10mA 

-1mA 

GND 

14 




Vcc 

28 





DIE SIZED.110” X 0.136” 


STATUS WORD CHART 



TYPE OF MACHINE CYCLE | 

Data Bus 
Bit 

Status 

Information 

Instruction 

Fetch 

Memory 

Read 

Memory 

Write 

Stack 

Read 

Stack 

Write 

Input 

Read 

Output 

Write 

interrupt 

Acknowledge 

Halt 

Acknowledge 

Interrupt 
Acknowledge 
While Halt 




@ 

® 

@ 

® 

® 

@ 

® 

® 


Do 

INTA 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

Di 

WO 

1 

1 

0 

1 

0 

1 

0 

1 

1 

1 

□2 

STACK 

0 

0 

0 

1 

1 

0 

o 

0 

0 

0 

Ds 

HLTA 

0 

0 

0 

0 

0 

0 

o 

0 

1 

1 

D4 

OUT 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

Db 

Ml 

1 

0 

0 

0 

0 

0 

o 

1 

0 

1 

De 

INP 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

D7 

MEM R 

1 

1 

0 

1 

0 

0 

o 

0 

1 

0 


iiTfA 

(NONE) 

INTA 

i7qw 

■I/O R 
MEM W 
MEM R 
MEM W 
MEM R 


CONTROL 

SIGNALS 


MEM R j 
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8284A 

Clock Generator and Driver for BOSS, BOBS Processors 


DISTINCTIVE CHARACTERISTICS 

• Generates the System Clock for the 8086,8088 
Processors: 5MHz, 8MHz with 8284A 

• Uses a qrystal or a TTL signal for frequency source 

• Provides local READY and Multibus* READY 
synchronization 

• Generates system reset output from Schmitt 
trigger input 

• Capable of clock synchronization with other 8284As 


GENERAL DESCRIPTION 

The 8284A is a single chip clock generator/driver for the 
8086, 8088 processors. The chip contains a crystal- 
controlled oscillator, a divide-by-three counter, complete 
MULTIBUS* “Ready” synchronization and reset logic. 


LOGIC DIAGRAM 


XTAL 

OSCILLATOR 


-r3 

^2 

COUNT —I J 

H- COUNT 

SYNC I 

SYNC 


CK4 

D Q 


CK| 

D Q I—READY 


CONNECTION DIAGRAM 
Top View 


ORDERING INFORMATION 


14 J EFI 
13 □f/C 
12 ^ OSC 
11 □ RlS 


Note; Pin 1 is marked for orientation. 


8284 

Order Number 

Package 

Type 

Temperature 

Range 

D8284 

Hermetic DIP 

0to+70°C 

8284XC 

Dice 

0to+70°C 

MD8284 

Hermetic DIP 

-55 to4-125°C 

8284XM 

Dice 

-55to+125"C 


TABLE OF CONTENTS 

Pin Configuration.1 

Ordering Information. 1 

Definition of Functional Terms. 2 

Functional Description . .3 

DC Characteristics .4 

AC Characteristics. 5 

Timing Waveforms. 6 

Physical Dimensions...8 


'Multibus is a registered trademark of Intel Corp. 
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8284A 


DEFINITION OF FUNCTIONAL TERMS 


AENi, AEN2 

ADDRESS ENABLE (Input) 

The AEN signal is used to qualify the Bus Ready 
signal (RDYi or RDY 2 ). AEN-j validates RDYi 
while AEN 2 validates RDY 2 . It is possible for the 
processor to access two Multi-Master System 
Busses if you use both signals. Both signals are 
tied LOW in non Multi-Master Systems. 

CLK 

PROCESSOR CLOCK (Output) 

CLK is the clock output used by the processor 
and all devices which directly connect to the pro¬ 
cessor’s local bus (including bipolar support 
chips and other MOS devices). An output HIGH 
of 4.5V (Vqq = 5V) is provided on this pin to 
drive MOS devices. The output frequency of CLK 

RDYi,RDY2 

BUS READY (Input) 

These signals are indications from a device lo¬ 


is 1/3 of the crystal on EFI input frequency and a 
1/3 duty cycle. 


cated on the system bus that it is available or 
data has been received. RDYi and RDY 2 are 
qualified by AENi and AEN 2 respectively. 

PCLK 

PERIPHERAL CLOCK (Output) 

This signal is a TTL level peripheral clock signal 
whose output frequency is 1/2 that of CLK and 

ASYNC 

READY SYNCHRONOUS SELECT (Input) 


has a 50% duty cycle. 


The ASYNC signal defines the synchronization 
mode of the READY logic. When ASYNC is open 
(internal pull-up resistor is provided) or pulled 
HIGH there is one stage of READY Synchroni- 

OSC 

OSCILLATOR OUTPUT (Output) 

This signal is the TTL level output of the internal 
oscillator circuitry. Its frequency is equal to that 
of the crystal. 


zation. When ASYNC is LOW there are two 
stages of READY Synchronization. 

RES 

RESET IN (Input) 

This signal is used to generate a RESET. The 

READY 

READY (Input) 

READY is the synchronized RDY signal input. 
After the guaranteed hold time to the processor 


8284A provides a Schmitt trigger input so that an 
RC connection can be used to establish the 
power-up reset of proper duration. 

Xi,X2 

has been met, the READY signal is cleared. 

RESET 

RESET (Output) 

CRYSTAL IN (Inputs) 

These are the input pins for the attached crystal. 


This signal is used to reset the 8086 family 
processors. 


The crystal frequency is 3 times the desired pro¬ 
cess clock frequency. 

CSYNC 

CLOCK SYNCHRONIZATION (Input) 

This signal is designed to allow multiple 8284As 

F/C 

FREQUEJ^CY/CRYSTAL SELECT (Input) 

When F/C is strapped HIGH, CLK is generated 
from the EFI input. When strapped LOW, the F/C 
allows the processor clock to be generated by 
the crystal. 


to be synchronized to provide clocks that are in 
phase. CSYNC HIGH will reset the internal 
counters, when CSYNC goes LOW the counters 
will resume counting. CSYNC needs to be exter¬ 
nally synchronized to EFI. When used with the 

EFI 

EXTERNAL FREQUENCY (Input) _ 

Used in conjunction with a HIGH signal on F/C, 
CLK is generated from the input frequency ap¬ 
pearing on this pin. The input signal is a square 
wave 3 times the frequency of the desired CLK 
output. 


internal oscillator, CSYNC should be hard wired 
to ground. 
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8284A 


FUNCTIONAL DESCRIPTION 

OSCILLATOR 

The oscillator circuit of the 8284A is designed primarily for use 
with a fundamental mode, series resonant crystal from which the 
operating frequency is derived. 

The crystal frequency should be selected at three times the 
required CPU clock. Xi and X 2 are the two crystal input crystal 
connections. The output of the oscillator is buffered and brought 
out on OSC so that other system timing signals can be derived 
from this stable, crystal-controlled source. 

Two 51 on series resistors are optional for systems which have a 
Vcc ramp time greater than (or equal to) IV/ms and/or inherent 
board capacitance between Xi or X 2 exceeding lOpF. This 
capacitance value should not include the 8284A’s pin capaci¬ 
tance. By limiting the stray capacitance to less than lOpF 
on X-| or X 2 the deviation from the desired fundamental fre¬ 
quency is minimized. 

CLOCK GENERATOR 

The clock generator consists of a synchronous divide-by-three 
counter with a special clear input that inhibits the counting. This 
clear input (CSYNC) allows the output clock to be synchronized 
with an external event (such as another 8284A clock). It is 
necessary to synchronize the CSYNC input to the EFI clock 
external to the 8284A (see Figure 1). This is accomplished with 
two Schottky flip-flops. The counter output is a 33% duty cycle 
clock at one-third the input frequency. 

The F/C input is a strapping pin that selects either the EFI Input 
or the crystal oscillator as the clock for the 3 counter. If the EFI 
input is selected as the clock source, the oscillator section can 
be used independently for another clock source. Output Is taken 
from OSC. 

CLOCK OUTPUTS 

The CLK output is a 33% duty cycle MOS clock driver designed 
to drive the 8086 or 8088 processors directly. PCLK is a TTL 
level peripheral clock signal whose output frequency Is 1/2 that 
of CLK. PCLK has a 50% duty cycle. 

RESET LOGIC 

Reset logic for the 8284A is provided by a Schmitt trigger input 
(RES) and a synchronizing flip-flop to generate the reset timing. 


The reset signal is synchronized to the falling edge of CLK. A 
simple RC network can be used to provide power-on reset by 
utilizing this function of the 8284A. 

READY SYNCHRONIZATION 

Two READY inputs (RDYi, RDY 2 ) are provided to accommo- 
date t wo M ulti-M aster system busses . Eac h input has a qualifier 
(AEN-j and AEN 2 , respectively). The AEN signals validate their 
respectiv e RD Y signals. If a Multi-Master system is not being 
used the AEN pin should be tied LOW. 

To assure RDY setup and hold times are met, synchronization is 
required for all asynchronous active going edges of either RDY 
input. Inactive-going edges of RDY in normally ready systems 
do not require synchronization but must satisfy RDY setup and 
hold as a matter of proper system design. 

The two mod es of R EADY synchronization operation are 
defined by the ASYNC input. 

When ASYNC is LOW, two stages of synchronization are 
provided for active READY input signals. Positive-going 
asynchronous READY inputs will first be synchronized to flip- 
flop one at the rising edge of CLK and then synchronized to 
flip-flop two at the next falling edge of CLK, after which time the 
READY output will go active (HIGH). Negative-going asyn¬ 
chronous READY inputs wili be synchronized directly to flip-flop 
two at the falling edge of CLK, after which time the READY out¬ 
put will go inactive. This mode of operation is intended for use by 
asynchronous (normally not ready) devices in the system which 
cannot be guaranteed by design to meet the required RDY setup 
timing tpivCL. on each bus cycle. 

yVhen ASYNC is high or left open, the first READY flip-flop is 
bypassed in the READY synchronization logic. READY inputs 
are synchronized by flip-flop two on the falling edge of CLK 
before they are presented to the processor. This mode is availa¬ 
ble for synchronous devices that can be guaranteed to meet the 
required RDY setup time. 

ASYNC can be changed on every bus cycle to select 
the appropriate mode of synchronization for each device in 
the system. 


Figure 1. CSYNC Synchronization 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 

8284A 

Temperature Under Bias 

0 to TO'C 

Storage Temperature 

-65to+150°C 

All Output and Supply Voltages 

-0.5 to +7V 

All Input Voltages 

-1.0to+5.5V 

Power Dissipation 

1W 


DC CHARACTERISTICS (Ta = o to 70°C, Vcc = 5V ± io%) 


Parameters 

Description 

Test Conditions 

Min 

Max 

Units 

If 

Forward Input Current (ASYNC) 

Vp = 0.45V 


-1.3 

mA 

Other Inputs 

Vp = 0.45V 


-0.5 

. 

Ir 

Reverse Input Current (ASYNC) 

II 


50 

fiA 

Other Inputs 

Vr = 5.25V 


50 

Vc 

Input Forward Clamp Voltage 

Iq = —5mA 


-1.0 

V 

Icc 

Power Supply Current 



162 

mA 

V|L 

Input LOW Voltage 



0.8 

V 

VlH 

Input HIGH Voltage 


2.0 


V 

V|HR 

Reset Input HIGH Voltage 


2.6 


V 

VoL 

Output LOW Voltage 

5mA 


0.45 

V 

VOH 

Output HIGH Voltage CLK 

-1mA 

4 

2.5 


Other Outputs 

-1mA 

2.4 


V 

V|HR-V|LR 

RES Input Hysteresis 


0.25 


V 
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8284A 

SWITCHING CHARACTERISTICS (Ta = 0 to 70°C, Vcc = 5V ± 10%) 


Parameter 

Description 

Test Conditions 

Min 

Max 

Units 

TIMING REQUIREMENTS 

^ehel 

External Frequency HIGH Time 

90% - 90% V|N 

13 


ns 

tELEH 

External Frequency LOW Time 

10%-10%V|N 

13 " 


ns 

tELEL 

EFIPeriod 

(Note 1) 

33 


hs 


XTAL Frequency 


12 

25 

MHz 

tRIVCL 

RDYi, RDY2 Active Setup to CLK 

ASYNC = HIGH 

35 


ns 

tRIVCH 

RDYi, RDY2 Active Setup to CLK 

ASYNC = LOW 

35 


ns 

tRiVCL 

RDYi. RDY2 Inactive Setup to CLK 


35 


ns 

tCLRIX 

RDYi,RDY2HoldtoCLK 


0 


ns 

tAYVCL 

ASYNC Setup to CLK 


50 


ns 

tCLAYX 

ASYNC Hold to CLK 


0 

. 

ns 

tAlVR1V 

^1 , AEN2 Setup to RDYi, RDY2 


15 


ns 

tCLAlX 

AlNi,^2HoldtoCLK 


0 


ns 

When 

CSYNC Setup to EFI 


20 


ns 

%HYL 

CSYNC Hold to EFI 


10 


ns 

Wryl 

CSYNC Width 


2*tELEL 


ns 

t|1HCL 

RES Setup to CLK 

(Note 1) 

65 


ns 

tCLUH 

Ms Hold to CLK 

(Note 1) 

20 


ns 

t|LIH 

Input Rise Time 

From 0.8 to 2.0V 


20 

ns 

t|UL 

Input Fall Time 

From 2.0 to 0.8V 


12 

ns 

TIMING RESPONSES | 

tCLCL 

CLK Cycle Period 


125 


ns 

tCHCL 

CLK HIGH Time 


(1/3tcLCL) + 2 


ns 

^CLCH 

CLK LOW Time 


(2/3tcLCL) - 15 


ns 

tCH1CH2 

CLK Rise or Fall Time 

1.0V to 3.5V 


10 

ns 

tCL2CL1 


tpHPL 

PCLK HIGH Time 


tCLCL - 20 


ns 

tpLPH 

PCLK LOW Time 


tCLCL - 20 


ns 

^RYLCL 

Ready Inactive to CLK (See Note 3) 


~8 


ns 

tRYHCH 

Ready Active to CLK (See Note 2) 


(2/3tcLCL)-15 


ns 

tCLIL 

CLK to Reset Delay 



40 

ns 

tCLPH 

CLK to PCLK HIGH Delay 



22 

ns 

tCLPL 

CLK to PCLK LOW Delay 



22 

ns 

tOLCH 

OSC to CLK HIGH Delay 


-5 

22 

ns 

tOLCL 

OSC to CLK LOW Delay 


2 

35 

ns 

tOLOH 

Output Rise Time (except CLK) 

From 0.8 to 2.0V 


20 

ns 

tOHOL 

Output Fall Time (except CLK) 

From 2.0 to 0.8V 


12 

ns 


Notes: 1. Setup and hold necessary only to guarantee recognition at next clock. 

2. Applies only to T3 and lyy states. 

3. Applies only to T2 states. 


AC TESTING INPUT, OUTPUT WAVEFORM 

AC TESTING LOAD CIRCUIT 

AC TESTING LOAD CIRCUIT 


(CLK, READY) 


(PCLK, OSC, RESET) 



Vl = 
“1 

J.08V 



“— V - V — 



1 

< 

Rl = 325ft 


DEVICE 


A A 






UNDER 




UNDER 




TEST 

i 

ABI-073 


TEST 





^Cl 

AC testing inputs are driven at 2.4V for a logic “1” 




^ Cl 


i 

and b.45V for a logic “0”. Timing measurements 

Cl= lOOpFforCLK -d 

r 



are made at 1.5V for both a logic “1” and “0”. 

C. =30pF for READY 


Cl = lOOpF 





AB1-074 


ABI-075 
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8288 

Bus Controller 


DISTINCTIVE CHARACTERISTICS 


GENERAL DESCRIPTION 


• Bipolar drive capability 

• 3"State output drivers 

• Multi' master or I/O bus interface 

• Flexible system configurations 


The 8288 optimizes 8086 or 8088 operations by providing 
command and control timing generation when the CPU is in 
maximum mode. It provides for highly flexible configurations 
for larger systems. It also adds powerful bipolar drive capa¬ 
bility to the system. 


The 8288 is implemented in bipolar technology in a 
20-pin DIP. 


BLOCK DIAGRAM 


CPU 

STATUS 


CONTROL 

INPUT 



+ 5V 


GND 


ABI-083 


CONNECTION DIAGRAM 


ORDERING INFORMATION 


Top View 



Vcc 

So 

S2 

MCE/PDEN 

DEN 

CEN 

INTA 

lORC 

AIOWC 

lOWC 


AB1-084 


8288 

Package 

Temperature 

Order Number 

Type 

Range 

D8288 

Hermetic DIP 

0to+70°C 

8288XC 

Dice 

Oto +70°C 


Note: Pin 1 is marked for orientation. 
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8288 


DEFINITION OF FUNCTIONAL TERMS 


So, Sf, §2 

CLK 

ALE 

DEN 

DT/R 

AEN 

CEN 


STATUS (input) 

These signals are the status input pins from the 
microprocessor. The 8288 decodes these inputs 
to generate command and control signals. 

CLOCK (Input) 

Clock signal from the clock generator. 

ADDRESS LATCH ENABLE (Output) 

This signal strobes an address into the address 
latches. The latching occurs on the falling edge 
(HIGH to LOW) transition. 

DATA ENABLE (Output) 

This signal enables the data transceivers onto the 
data bus (local or system). 

DATA TRANSMIT/RECEIVE (Output) 

This signal determines the direction of data flow 
through the transceivers. 

ADDRESS ENABLE (Input) 

This signal enables the 8288 command outputs at 
least 115ns after it becomes active LOW. When 
this pin goes inactive, it 3-states the command 
output drivers. 

COMMAND ENABLE (Input) 

This signal, when LOW, enable s all command out¬ 
puts and the DEN and PDEN control outputs are 
forced to their inactive states. 


lOB INPUT/OUTPUT BUS MODE (Input) 

When strapped HIGH the 8288 functions in the I/O 
Bus mode. When LOW the 8288 functions in the 
System Bus mode. 

AlOWC AD VANCED I/O WRITE COMMAND (Output) 

The AlOWC gives I/O devices early indication of a 
write instruction by issuing an I/O VVrite Command 
earlier in the machine cycle. 


lOWC 

I/O WRITE (Output) 

This signal tells an I/O device to read the data on 
the data bus. 

lORC 

I/O READ (Output) 

This signal tells an I/O device to drive its data onto 
the data bus. 

AMWC 

ADVANCED MEMORY WRITE (Output) 

The AMWC gives memory devices an early indi¬ 
cation of a write instruction by issuing a memory 
write command earlier in the machine cycle. 

MWTC 

MEMORY WRITE (Output) 

This signal instructs the memory to record the data 
present on the data bus. 

MRDC 

MEMORY READ (Output) 

This signal instructs the memory to drive its data 
onto the data bus, 

Inta 

INTERRUPT ACKNOWLEDGE (Output) 

This signal informs the interrupting device that its 
interrupt has been acknowledged and to drive 
vectoring information onto the data bus. 


MCE/PDEN MASTER CASCADE ENABLE/ 

PERIPHERAL DATA ENABLE (Output) 

Dual Function pin: 

MCE (lOB LOW): This signal occurs during an 
interrupt sequence. Its function is to read a Cas¬ 
cade Address from a master Priority Interrupt 
Contro ller onto the data bus. 

PDEN (lOB HIGH): This signal enables the data 
bus transceiver for the I/O Bus during I/O instruc¬ 
tions. It performs the same function for the I/O Bus 
that DEN performs for the system bus. 


11-48 




8288 


FUNCTIONAL DESCRIPTION 

COMMAND AND CONTROL LOGIC 

The command logic decodes the three CPU status lines (Sq, S-\ , 
S 2 ) to determine what command is to be issued. 

This chart shows the meaning of each status “word.” 


S 2 

Si 

So 

Processor State 

8288 

Command 

0 

0 

0 

Interrupt Acknowledge 

Inta 

0 

0 

1 

Read I/O Port 

io^ 

0 

1 

0 

Write I/O Port 

lOWC, AlOWC 

0 

1 

1 

Halt 

None 

1 

0 

0 

Code Access 

MRDC 

1 

0 

1 

Read Memory 

MRDC 

1 


0 

Write Memory 

MWTC, AMWC 

1 

1 

1 

Passive 

None 


I/O BUS MODE 

The 8288 is put into the I/O Bus mode by strapping the lOB pin 
HIGH. This mode allows one 8288 Bus Controller to handle two 
external buses. This allows the CPU to access the I/O Bus with 
no wa it ing involved. I n the I/O Bus Mode all I/O command lines 
(INTA, lORC, lOWC, AlOWC) are always enabled. When the 
processor initiates an I/O Comm and, th e 8288 immediately acti¬ 
vates the command lines using PDEN and DT/R to control the 
I/O bus transceiver. There is no arbitration present in this sys¬ 
tem, so the I/O command lines should not be used to control the 
system bus. Normal memory access requires a “Bus Ready” 
signal (AEN LOW) before it will proceed. The lOB mode is re¬ 
commended if I/O or peripherals dedicated to one processor 
exist in a multiprocessor based system. 

SYSTEM BUS MODE 

The 8288 is put into the System Bus mode by strapping the lOB 
pin LOW. This mode is used when onl y one bus exists. No 
command is issued until 115ns after the AEN line is activated. 
Bus arbitration is assumed, and this logic will inform the bus 
controller via the AEN line when the bus is free for use. Both I/O 
commands and memory wait for bus arbitration. 

COMMAND OUTPUTS 

To prevent the processor from entering unnecessary wait states, 
the advanced write commands initiate write procedures early in 
the machine cycle. 


INTA (Interrupt Acknowledge) acts as an I/O read during an 
interrupt cycle. Its purpose is to inform an interrupting device 
that its interrupt is being acknowledged and that it should place 
vectoring information onto the data bus. 

CONTROL OUTPUTS 

The Data Enable (DEN), Data Transmit/Receive (DT/ R) and 
Master Cascade Enable/Peripheral Data Enable (MCE/PDEN) 
are the control outputs of the 8288. The DEN signal determines 
when the external bus should be enabled onto the local bus while 
the DT/R determines the direction of the data transfer. These 
two signals usually go to the chip select and direction pins of a 
transceiver. 

The MCE/PDEN func tion is determined by the lOB selection. 
When lOB is HIGH the PDEN serves as a dedicated data enable 
signal for the I/O or Peripheral System Bus. 

INTERRUPT ACKNOWLEDGE AND MCE 

The MCE signal is used during an interrupt acknowledge cycle if 
the 8288 is in the System Bus mode (lOB Low). An interrupt 
sequence consists of two interrupt acknowledge cycles occur¬ 
ring back to back. No data or address transfers take place during 
the first cycle. Logic should be provided to mask off MCE during 
this cycle. Just before the second cycle begins the MCE signal 
gates a master Priority Interrupt Controller’s (PIC) cascade ad¬ 
dress onto the processor’s local bus where ALE (Address Latch 
Enable) strobes it into the address latches. On the leading edge 
of the second interrupt cycle the addressed slave PIC gates an 
Interrupt vector onto the system data bus where it is read by the 
processor. 

The MCE signal is not used if the system only contains one PIC. 
If this is the case the second Interrupt Acknowledge signal gates 
the Interrupt vector onto the processor bus. 

ADDRESS LATCH ENABLE AND HALT 

Address Latch Enable (ALE) occurs during each machine cycle 
and serves to strobe the current address into _the_address 
latches. ALE also serves to strobe the status (Sq, S-j, S 2 ) into a 
latch for halt state decoding. 

COMMAND ENABLE 

The Command Enable (CEN) input acts as a command qualifier 
for the 8288. If the CEN pin is HIGH the 8288 functions normally. 
If the CEN pin is pulled LOW, all command lines are held in 
their inactive state (not 3-state). This feature can be used to 
implement memory partitioning and to eliminate address con¬ 
flicts between system bus devices and resident bus devices. 


The command outputs are: 

MRDC - Memory Read Command 

MWTC - Memory Write Command 

lORC - I/O Read Command 

lOWC - I/O Write Command 

AMWC - Advanced Memory Write Command 

AlOW C - Advanced I/O Write Command 

INTA - Interrupt Acknowledge 
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8288 

MAXIMUM RATINGS* 

Temperature Under Bias 

OtoyO'C 

Storage Temperature 

-65to+15d°C 

All Output and Supply Voltages 

-0.5 to +7.0V 

All Input Voltages 

-1.0to+5.5V 

Power Dissipation 

1.5W 


*Stresses above those listed under “Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to maximum rating conditions for extended periods may affect device reliability. 


DC CHARACTERISTICS (Vqq = 5V ± 10%, Ta = 0 to 70'’C) 


Parameter 

Description 

Test Conditions 

Min 

Max 

Units 

Vc 

Input Clamp Voltage 

Ic = -5mA 


-1 

V 

•cc 

Power Supply Current 



230 

mA 

If 

Forward Input Current 

Vp = 0.45V 


-0.7 

mA 

Ir 

Reverse Input Current 

Vr = Vcc 


50 

/xA 

VoL 

Output Low Voltage 

Command Outputs 

Iql = 32mA 


0.5 

V 


Control Outputs 

IOL= 16mA 


0.5 

V 

Vqh 

Output High Voltage 

Command Outputs 

•oh = -5mA 

2.4 


V 


Control Outputs 

•oh = -1mA 

2.4 


V 

V|L 

Input Low Voltage 



0.8 

V 

V|H 

Input High Voltage 


2.0 


V 

Iqff 

Three-State Leakage 

VoFF = 0-4 to 5.25V 


100 
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8288 


AC CHARACTERISTICS (Vqq = 5V ± io%, = o to 70°C) 


Parameters 

Description 

Test Conditions 

Min 

Max 

Units 

TIMING REQUIREMENTS 

TCLCL 

CLK Cycle Period 


100 


ns 

TCLCH 

CLK Low Time 


50 


ns 

TCHCL 

CLK High Time 


30 


ns 

TSVCH 

Status Active Setup Time 


35 


ns 

TCHSV 

Status Active Hold Time 


10 


ns 

TSHCL 

Status Inactive Setup Time 


35 


ns 

TCLSH 

Status Inactive Hold Time 


10 


ns 

TILIH 

Input Rise Time 

From 0.8V to 2.0V 


20 

ns 

TIHIL 

Input Fall Time 

From 2.0V to 0.8V 


12 

ns 

TIMING RESPONSES 

TCVNV 

Control Active Delay 



5.0 

45 

ns 

TCVNX 

Control Inactive Delay 



10 

45 

ns 

TCLLH, 

TCLMCH 

ALE MCE Active Delay (from CLK) 




20 

ns 

TSVLH, 

TSVMCH 

ALE MCE Active Delay (from Status) 




20 

ns 

TCHLL 

ALE Inactive Delay 

MRDC 


4.0 

15 

ns 

TCLML 

Command Active Delay 

io^ 


10 

35 

ns 

TCLMH 

Command Inactive Delay 

MWTC 

Iql = 32mA 
•oh = -5mA 

10 

35 

ns 

TCHDTL 

Direction Control Active Delay 

iowc 


50 

ns 

TCHDTH 

Direction Control Inactive Delay 

iNTA 

Cl = 300pF 


30 

ns 

TAELCH 

Command Enable Time 

AMWC 



40 

ns 

TAEHCZ 

Command Disable Time 

AlOWC 



40 

ns 

TAELCV 

Enable Delay Time 



115 

200 

ns 

TAEVNV 

AEN to DEN 

Other 

Iql = 16mA 

Iqh = -1.0mA 

Cl = 80pF. 


20 

ns 

TCEVNV 

CEN to DEN, PDEN 


25 

ns 

TCELRH 

CEN to Command 




TCLML 

ns 

TOLOH 

Output Rise Time 

From 0.8V to 2.0V 


20 

ns 

TOHOL 

Output Fall Time 

From 2.0V to 0.8V 


12 

ns 


AC TESTING INPUT, OUTPUT WAVEFORM 
Input/Output 


—V-V— 

-^1.5—TEST POINTS—^1.5-^ 


AC Testing: Inputs are driven at 2.4V for a logic “1” and 0.45V for a logic “0.” The clock is driven at 4.3V and 0.25V. 
Timing measurements are made at 1.5V for both a logic “1” and “0.” 



3-State to High 

1.5V 


TEST LOAD CIRCUITS 
Command Output Test Load 

2.14V 


Control Output Test Load 

2.28V 


I.. 


I. 
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WAVEFORMS 



ABI-089 


Notes: 1. Address/data bus is shown only for reference purposes. 

2. Leading edge of ALE and MCE is determined by the falling edge of CLK or status going active, whichever occurs last. 

3. All timing measurements are made at 1.5V unless specified otherwise. 









PROMs, BIPOLAR RAMS, MOS STATIC RAMs 
20-PIN AND 24-PIN PALs, 

M05 LSI PERIPHERALS 

VERY HIGH SPEED DATA ACQUISITION 
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PALS, 

MOS PERIPHERALS. 
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PALS, PROMs, 

MOS and Bipolar RAMs, 

MOS Peripherals, 

Analog and Data Acquisition 

Index 

PROM Guide. 12-1 

Bipolar RAM Guide . 12-4 

MOS RAM Guide . 12-6 

MOS ROM Guide . 12-8 

twenty-Pin PALs Product Specification .. .. 12-9 

MOS LSI/Peripherals Guide . ..12-23 

Analog and Data Acquisition Guide ...12-26 










Bipolar PROM 

Functional Index and Selection Guide 

Access Time Ice 

Part COM’L/MIL COM’L/MIL Number 

Number Organization Max Max Output of Pins Packages Comments 


Am27LS18^ 

32x8 

50/65 

80/80 

oc 

16 

D, P, F, L 

Low power 

Am27LS19^ 

32x8 

50/65 

80/80 

38 

16 

D, P, F, L 

Am27S18 

32x8 

40/50 

115/115 

OC 

16 

D, P, F, L 


Am27S18A 

32 X 8 

25/35 

115/115 

OC 


D, P, F, L 


Am27S19 

32x8 

40/50 

115/115 

38 

16 

D, P, F, L 


Am27S19A 

32x8 

25/35 

115/115 

38 

16 

D, P, F, L 


Am27S20 

256 x4 

45/60 

130/130 

OC 

16 

D, P, F, L 


Am27S20A 

256 x4 

30/40 

130/130 

OC 

16 

D, P, f, L 


Am27S21 

256x4 

45/60 

130/130 

38 

16 

D, P, F, L 


Am27S21A 

256 x4 

30/40 

130/130 

38 

16 

D, P, F, L 


Am27S12 

512x4 

50/60 

130/130 

OC 

16 

D, P, F, L 


Am27S12A 

512x4 

30/40 

130/130 

OC 

16 

D, P, F, L 


Am27S13 

512x4 

50/60 

130/130 

38 

16 

D, P, F, L 


Am27S13A 

512x4 

30/40 

130/130 

38 

16 

D, P, F, L 


Am27S15 

512 X 8 

60/90 

175/185 

38 

24 

D, P, F, L 


Am27S25 

512 X 8 

N.A.2/N.A.2 

185/185 

38 

24 

D, P, F, L 

Output registers, 

THINDIP Pkg3 

Am27S25A 

512 X 8 

N.A.^/N.A.^ 

185/185 

38 

24 

D, P, F, L 

Output registers, 

THINDIP Pkg3 

Am27S27 

512x8 

N.A.^/N.A^ 

185/185 

3S 

22 

D, P, L 

Output registers 

Am27S28 

512x8 

55/70 

■ 

160/160 

OC 

20 

D, P, L 


Am27S28A 

512 X 8 

35/45 

160/160 

oc 

20 

D, P, L 


Am27S29 

512x8 

55/70 

160/160 

38 

20 

D, P, L 


Am27S29A 

512x8 

35/45 

160/160 

38 

20 

D, P, L 


Am27S30 

512x8 

55/70 

175/175 

OC 

24 

D, P, F, L 


Am27S30A 

512x8 

35/45 

175/175 

OC 

24 

D, P, F, L 


Am27S31 

512x8 

55/70 

175/175 

38 

24 

D, P, F, L 


Am27S31A 

512x8 

35/45 

175/175 

38 

24 

D, P, F, L 


Am27S32 

1024 x4 

55/70 

140/145 

OC 

18 

D, P, F, L 


Am27S32A 

1024 x4 

35/45 

140/145 

OC 

18 

D, P, F, L 

Ultra fast 

Am27S33 

1024x4 

55/70 

140/145 

38 

18 

D, P, F, L 


Am27S33A 

1024x4 

35/45 

140/145 

38 

18 

D, P, F, L 

Ultra fast 

Am27S35 

1024 X 8 

N.A^/N.A.^ 

185 

38 

24 

D, P, F, L 

Output registers, 
asynchronous initialize, 
THINDIP Pkg^ 

Am27S35A 

1024 X 8 

N.A.^/N.A.^ 

185 

38 

24 

D, P, F, L 

Ultra fast, output 
registers, asynchronous 
initialize, THINDIP Pkg^ 

Am27S37 

1024 X 8 

N.A.^/N.A.^ 

185 

38 

24 

D, P, F, L 

Output registers, 
synchronous initialize, 
THINDIP Pkg3 
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BIPOLAR PROM (Cont.) 


Access Time Icc 

Part COM’L/MIL COM’L/MIL Number 

Number Organization Max Max Output of Pins Packages Comments 


Am27S37A 

1024x8 

N-A.^/N-A."^ 

185 

3S 

24 

D, P, F, L 

Ultra fast, output 
registers, synchronous 
initialize, THINDIP Pkg® 

Am27S180 

1024x8 

60/80 

185/185 

OC 

24 

D, P, F, L 


Am27S180A 

1024 X 8 

35/50 

185/185 

OC 

24 

D, P, F, L 

Ultra fast 

Am27S181 

1024x8 

60/80 

185/185 

3S 

24 

D, P, F, L 


Am27S181A 

1024x8 

35/50 

185/185 

3S 

24 

D, P, F, L 

Ultra fast 

Am27PS181 

1024x8 



3S 

24 

D, P, F, L 

Power switched 

Am27PS181A 

1024x8 



3S 

24 

D, P, F, L 

Power switched 

Am27S280 

1024 x8 

60/80 

185/185 

OC 

24 

D, P, F, L 

THINDIP Pkg^ 

Am27S280A 

1024x8 

35/50 

185/185 

OC 

24 

D, P, F, L 

Ultra fast, THINDIP Pkg® 

Am27S281 

1024x8 

60/80 

185/185 

3S 

24 

D, P, F, L 

THINDIP Pkg^ 

Am27S281A 

1024x8 

35/50 

185/185 

3S 

24 

D, P, F, L 

Ultra fast, THINDIP Pkg^ 

Am27PS281 

1024x8 



3S 

24 

D, P, F, L 

Power switched, 

THINDIP Pkg® 

Am27PS281A 

1024x8 



3S 

24 

D, P, F, L 

Ultra fast, power switched, 
THINDIP Pkg® 

Am27S184 

2048 X 4 

50/55 

150/150 

OC 

18 

D, P, F, L 


Am27S184A 

2048 X 4 

35/45 

150/150 

OC 

18 

D, P, F, L 

Ultra fast 

Am27S185 

2048 X 4 

50/55 

150/150 

3S 

18 

D, P, F, L 


Am27S185A 

2048 X 4 

35/45 

150/150 

3S 

18 

D, P, F, L 

Ultra fast 

Am27LS184 

2048x4 

60/65 

120/125 

OC 

• 

18 

D, P, F, L 

Low power 

Am27LS185 

2048 X 4 

60/65 

120/125 

3S 

1 

18 

D, P, F, L 

Low power 

Am27PS185 

2048 X 4 

60/65 

1 150/75^ 

3S 

18 

D, P, F, L 

Power switched 

Am27S190 

2048 X 8 

50/65 

185/185 

OC 

24 

D, P, F, L 


Am27S190A 

2048 X 8 

35/50 

185/185 

OC 

24 

D, P, F, L 

Ultra fast 

Am27S191 

2048 X 8 

50/65 

185/185 

3S 

24 

D, P, F, L 


Am27S191A 

2048 X 8 

35/50 

185/185 

3S 

24 

D, P, F, L 

Ultra fast 

Am27PS191 

2048 X 8 

65/75 

185/80^ 

3S 

24 

D, P, F, L 

Power switched 

Am27PS191A 

2048 X 8 

50/65 

185/80® 

3S 

24 

D, P, F, L 

Ultra fast, power switched 

Am27S290 

2048 X 8 

50/65 

185/185 

OC 

24 

D, P, F, L 

THINDIP Pkg® 

Am27S290A 

2048 X 8 

35/50 

185/185 

OC 

24 

D, P, F, L 

Ultra fast, THINDIP Pkg^ 

Am27S291 

2048 X 8 

50/65 

185/185 

3S 

24 

D, P, F, L 

THINDIP Pkg^ 

Am27S291A 

2048 X 8 

35/50 

185/185 

3S 

24 

D, P, F, L 

Ultra fast, THINDIP Pkg=^ 

Am27PS291 

2048 X 8 

65/75 

^ 185/80® 

3S 

24 

D, P, F, L 

Power switched, 

THINDIP Pkg® 

Am27PS291A 

2048 X 8 

...... 1 

50/65 

185/80® 

3S 

24 

D, P, F, L 

Ultra fast, power switched, 
THINDIP Pkg3 

Am27S40 

4096 X 4 

50/65 

165/170 

OC 

20 

D, P, L 


Am27S40A 

4096 X 4 

35/50 

165/170 

OC 

20 

D, P, L 

Ultra fast 

Am27S41 

4096x4 

50/65 

165/170 

3S 

20 . 

D, P, L 


Am27S41A 

4096x4 

35/50 

165/170 

3S 

20 

D, P, L 

Ultra fast 

Am27PS41 

4096 X 4 

50/65 

170/85® 

3S 

20 

D, P, L 

Power switched 
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BIPOLAR PROM (Cont.) 


Access Time Icc 

Part COM’L/MIL COMX/MIL Number 

Number Organization Max Max Output of Pins Packages Comments 


Am27S43 

4096 X 8 

N.A. 

185 

3S 

24 

D, P, F, L 


Am27S43A 

4096 X 8 

N.A. 

185 

3S 

24 

D, P, F, L 

Ultra fast 

Am27PS43 

4096 X 8 

N.A. 

N.A. 

3S 

24 

D, P, F, L 

Power switched 

Am27S45 

2048 X 8 

N.A.2 

185/185 

3S 

24 

D, P, L 

Output registers, 
asynchronous initialize, 
THINDIP Pkg=^ 

Am27S45A 

2048 X 8 

N.A.-* 

185/185 

3S 

24 

. 

D, P, L 

Ultra fast, output registers, 
asynchronous initialize, 
THINDIP Pkg3 

Am27S47 

2048 X 8 

N.A.2 

185/185 

3S 

24 

D, P, L 

Output registers, 
synchronous initialize, 
THINfDIP Pkg3 

Am27S47A 

2048 X 8 

N.A.^ 

185/185 

3S 

24 

D, P, L 

! 

Ultra fast, output registers, 
synchronous initialize, 
THINDIP Pkg3 


Notes; 1. Replaces Am27LS08/09 

2. Contains built-in pipeline registers: nominal address to clock setup time = 35ns (typ), clock to output = 20ns (typ). 

3. 300'mil lateral pin spacing. 

4. Contains built-in pipeline registers; nominal address to clock setup time = 25ns (typ), clock to output = 15ns (typ). 

5. Iqc are power up and power down current limits respectively. 
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Bipolar Memory RAM 

Functional Index and Selection Guide 

BIPOLAR ECL RAM 


Access Time igg 


Part 

Number 

Organization 

COML/MiL 

Max 

COML/MiL 

Max 

ECL 

Series 

Number 
of Pins 

Packages 

Comments 

Am10415SA 

1024 X 1 

15/20 

-150/-165 

10K 

16 

D, P, F, L 

. 


Ami 0415A 

1024 X 1 

20/25 

-150/-165 

10K 

16 

D, P, F, L 


Ami 0415 

1024 X 1 

35/40 

-150/-165 

10K 

16 

D, P, F, L 


Ami 00415A 

1024 X 1 

15/- 

-150/- 

100K 

16 

D, P, F, L 


Am100415 

1024 X 1 

20/- 

-150/- 

100K 

16 

D, P, F, L 


Am10470SA 

4096 X 1 

15/20 

-230/-255 

10K 

18 

D, f \ L 


Am1(?470A 

4096 X 1 

25/30 

-200/-220 

10K 

18 

D, f\ L 


Ami 0470 

4096 X 1 

35/40 

-200/-220 

10K 

18 

D, f \ L 


Am100470SA 

4096 X 1 

15/- 

-230/- 

100K 

18 

D, F^ L 


Am100470A 

4096 X 1 

25/- 

-195/- 

100K 

18 

D, F\ L 


Ami 00470 

4096 X 1 

35/- 

-195/- 

100K 

18 

D, F\ L j 


Am10474A 

1024x4 

15/20 

-230/-255 

10K 

24 

D, F, L 


Am 10474 

1024 x4 

25/30 

-230/-220 

10K 

24 

D, F, L 


Am100474A 

1024x4 

15/- 

-230/- 

100K 

24 

D, F, L 


Ami 00474 

1024x4 

25/- 

-200/- 

100K 

24 

D, F, L 



Note: 1. For flat package consult factory. 


BIPOLAR TTL RAM 


Access Time Iqc 

Part COML/MIL COML/MIL Number Packages 

Number Organization Max Max Output of Pins (Note 1) Comments 


Am27S02A 

16x4 

25/30 

100/105 

OC 

16 

D, P, F, L 

Ultra Fast 

Am27S03A 

16x4 

25/30 

100/105 

3S 

16 

D, P, F, L 

Am27S02 

16x4 

35/50 

105/105 

OC 

16 

D, P, F, L 


Am27S03 

16x4 

35/50 

125/125 

3S 

16 

D, P, F, L 


Am27LS02 

16x4 

55/65 

35/38 

OC 

16 

D, P, F, L 

Low Power 

Am27LS03 

16x4 

55/65 

35/38 

3S 

16 

D, P, F, L 

Am74/54S289 

16x4 

35/50 

105/105 

OC 

16 

D, P, F, L 


Am74/54S189 

16x4 

35/50 

125/125 

3S 

16 

D, P, F, L 


Am27S06A 

16x4 

25/30 

100/105 

OC 

16 

D, P, F, L 

Noninverting 

Outputs 

Am27S07A 

16x4 

25/30 

100/105 

3S 

16 

D, P, F, L 

Am27S06 

16x4 

35/50 j 

100/105 

OC 

16 

D, P, F, L 

Am27S07 

16x4 

35/50 

100/105 

3S 

16 

D, P, F, L 

Am27LS06 

16 x4 

55/65 

35/38 

OC 

16 

D, P, F, L 

Noninverting 

Outputs, 

Low Power 

Am27LS07 

16x4 

55/65 

35/38 

3S 

16 

D, P, F, L 

Am3101A 

16 x4 

35/50 

100/105 

OC 

16 

D, P, F, L 


Am3101-1 

16x4 

35/50 

100/105 

OC 

16 

D, P, F, L 

Write 

Transparent^ 

Am3101 

16x4 

50/60 

100/105 

OC 

16 

D, P, F, L 
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BIPOLAR TTL RAM (Cont.) 


Access Time Icc 

Part COM’L/MIL COM’L/MIL Number Packages 

Number Organization Max Max Output of Pins (Note 1) Comments 


Am31L01A 

16x4 

55/65 

35/38 

OC 

16 

D, P, F, L 

Low Power, 

Write Transparent^ 

Am31L01 

16 X 4 

80/90 

35/38 

OC 

16 

D. P, F, L 

Am74/5489-1 

16x4 

35/50 

100/105 

OC 

16 

D, P, F, L 

Write Transparent^ 

Am74/5489 

16x4 

50/60 

100/105 

OC 

16 

D, P, F, L 

Am27LS00A 

256 X 1 

35/45 

115/115 

3S 

16 

D, P, F, L 

Ultra Fast 

Am27LS01A 

256 X 1 

35/45 

115/115 

OC 

16 

D, P, F, L 

Am27LS00 

256 X 1 

45/55 

70/70 

3S 

16 

D, P, F, L 

Fast, Low Power 

Am27LS01 

256 X 1 

45/55 

70/70 

OC 

16 

D, P, F, L 

. 

Am27LS00-1A 

256 X 1 

35/45 

115/115 

3S 

16 

D, P, F, L 

Noninverting Outputs 

Am27LS01-1A 

256 X 1 

35/45 

115/115 

OC 

16 

D, P, F, L 

Am27LS00-1 

256 X 1 

45/55 

70/70 

3S 

16 

D, P, F, L 

Am27LS01-1 

256 X 1 

45/55 

70/70 

OC 

16 

D, P, F, L 

Am93415A 

1024 X 1 

30/40 

155/170 

OC ; 

16 

D, P, F, L 

Ultra Fast 

Am93425A 

1024 X 1 

30/40 

155/170 

3S 

16 

D, P, F, L 

Am93415 

1024 X 1 

45/65 

155/170 

OC 

16 

D, P, F, L 


Am93425 

1024 X 1 

45/65 

155/170 

3S j 

16 

D, P, F, L 


Am93412A 

256 X 4 

35/45 

155/170 

OC 

1 

223 

D, P, F, L 

Ultra Fast 

Am93422A 

256 X 4 

35/45 

155/170 

3S 1 

223 

D, P, F, L 

Am93412 

256 X 4 

45/60 

155/170 

OC i 

22^ 

D, P, F, L 


Am93422 

256 X 4 

45/60 

155/170 

3S 

‘cm 

CM 

D, P, F, L 


Am93L412A 

256 X 4 

45/55 

80/90 

OC 

22^ 

D, P, F, L 

Low Power 

Am93L422A 

256 X 4 

45/55 

80/90 

3S 

22^ 

D, P, F, L 

Am93U12 

256x4 

60/75 

80/90 

OC 

223 

D, P, F, L 

Am93L422 

256 X 4 

60/75 

80/90 

3S 

22^ 

D, P, F, L 


Notes; 1. D = Hermetic DIP, P = Molded DIP, F = Cerpak, L = Chip-Pak^“. _ _ 

2. Complement of data in is available on the outputs in the write mode when both CS and WE are low. 

3. Cerpak (F) is 24 pin. 
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MOS Memory 

1K STATIC RAMs Functional Index and Selection Guide 


Part 

Number 

Organization 

Access 
Time (ns) 

Power Dissipation (mW) 

Standby Active 

Pins 

Supply 
Voltage (V) 

Temp 

Range 

Package 

Am9101A 

256x4 

500 

47 

290 

22 

5 

C,M 

D, P 

Am91L01A 

256x4 

500 

38 

173 

22 

5 

C, M 

D,P 

Am9101B 

256x4 

400 

47 

290 

22 

5 

C,M 

D, P 

Am91L01B 

256x4 

400 

38 

173 

22 

5 

C,M 

D, P 

Am9101C 

256x4 

300 

47 

315 

22 

5 

C,M 

D, P 

Am91L01C 

256x4 

300 

38 

189 

22 

5 

C, M 

D, P 

Am9101D 

256x4 

250 

47 

315 

22 

5 

C 

D, P 

Am9111A 

256x4 

500 

47 

290 

18 

5 

C, M 

D, P 

Am91L11A 

256x4 

500 

38 

173 

18 

5 

C,M 

D, P 

Am9111B 

256x4 

400 

47 

290 

18 

5 

C, M 

D,P 

Am91L11B 

256x4 

400 

38 

173 

18 

5 

C, M 

D,P 

Am9111C 

256x4 

300 

47 

315 

18 

, 5 

C, M 

D, P 

Am91L11C 

256 X 4 

300 

38 

189 

18 

5 

C,M 

D, P 

Am9111D 

256x4 

250 

47 

315 

18 

5 

C 

D, P 

Am9112A 

256x4 

500 

47 

290 

16 

5 

C, M 

D, P 

Am91L12A 

256x4 

500 

38 

173 

16 

5 

C, M 

D, P 

Am9112B 

256x4 

400 

47 

i 290 

16 

5 

C,M 

D,P 

Am91L12B 

256x4 

400 

38 

173 

16 

5 

C, M 

! D, P 

Am9112C 

256x4 

300 

47 

1 315 

16 

5 

C,M 

D, P 

Am91L12C 

256x4 

300 

38 

189 

16 1 

5 

C,M 

I D,P 

Am9112D 

256x4 

250 

47 

315 

16 

5 

C 

I D,P 

Am9122-25 

256x4 

25 

- 

660 

! 22 

5 

c 

! D, P 

Am9122-35 

256x4 

35 

- 

660 

22 

5 

C,M 

D,P 

Am91L22-35 

256x4 

35 

■ 

440 

22 

6 

C 

D.P 

Am91L22-45 

256x4 

45 

- 

440 

22 

5 

C,M 

D, P 

Am91L22-60 

256x4 - 

60 

- 

248 

22 

5 

C 

D, P 


4K STATIC RAMs 


Am21L41-12 

4096 X 1 

120 

25 

200 

18 

5 

' 

D, P 

Am21L41-15 

4096x1 

150 

25 

200 

18 

5 

C 

D, P 

Am21L41-20 

4096 X 1 

200 

25 

200 

18 

5 

C 

D, P 

Am21L41-25 

4096 X 1 

250 

25 

250 

18 

5 

c 

D, P 

Am9044B 

4096x1 

450 


350 

18 

5 

C, M 

D,P 

Am90L44B 

4096x1 

450 


250 

18 

5 

C,M 

D,P 

Am9044C 

4096 X 1 

300 


350 

18 

5 

C. M 

D, P. 

Am90L44C 

4096 X 1 

300 


250 

18 

5 

C,M 

D, P 

Am9044D 

4096 X 1 

250 


350 

18 

5 

C,M 

D, P 

Am90L44D 

4096 X 1 

250 


250 

18 

5 

C, M 

D, P 

Am9044E 

4096x1 

200 


350 

18 

5 

C 

D, P 

Am90L44E 

4096 x 1 

200 


250 

18 

5 

C 

D, P 

Am9244B 

4096 X 1 

450 

150 

350 

18 

5 

C,M 

D,P 

Am92L44B 

4096 X 1 

450 

100 

250 

18 

5 

C,M 

D, P 

Am9244C 

4096 X 1 

300 

150 

350 

18 

5 

C,M 

D,P 

Am92L44C 

4096 X 1 

300 1 

100 

250 

18 

5 

C, M 

D,P 

Am9244D 

4096 X 1 

250 

150 

350 

18 

5 

C.M 

D.P 

Am92L44D 

4096 X 1 

250 

100 

250 

18 

5 i 

C,M 

D,P 

Am9244E 

4096 X 1 

200 

150 

350 

18 


■ c 

0, P 

Am92L44E 

4096 X 1 

200 

100 

250 

18 

5 

c i 

D,P 

Am9114B 

1024x4 

450 

i 

350 

18 

5 

C,M 

D, P,F 

Am91L14B , 

1024x4 

450 


250 

18 

5 

C, M 

D, P, F 

Am9114C 

1024x4 

300 


350 1 

18 

5 

C,M 

D, P, F 

Am91L14C 

1024x4 

300 


250 

18 

5 

a, M 

D, P, F 

Am9114E 

1024x4 

200 


350 

18 

5 

C,M 

D, P 

Am91L14E 

1024x4 

200 


250 

18 

5 

C 

D, P 

Am9i24B 

1024x4 

450 

150 

350 

18 

5 

C,M 

D, P,F 

Am91L24B 

1024x4 

450 

100 

250 

18 

5 

C,M 

.D, P, F 

Am9124C 

1024x4 

300 

150 

350 

18 

5 

C,M 

D,P,F 

Am91L24C 

1024x4 

300 

100 

250 

18 

5 

C,M 

D,P, F 
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4K STATIC RAMs (Cont.) 


Part 

Number 

Organization 

Access 
Time (ns) 

Power Dissipation (mW) 

Standby Active 

Pins 

Supply 
Voltage (V) 

Temp. 

Range 

Package 

Am2147-35 

4096 X 1 

35 

165 

990 

18 

5 

C 

D 

Am2147-45 

4096 X 1 

45 

165 

990 

18 

5 

M 

D, L 

Am2147-55 

4096x1 

55 

165 

990 

18 

5 

C, M 

D. L 

Am2147-70 

4096 X 1 

70 

110 

880 

18 

5 

C, M 

D, L 

Am21L47-45 

4096 X 1 

45 

83 

688 

18 

5 

C 

D 

Am21L47-55 

4096x1 

55 

83 

688 

18 

5 

C 

D 

Am2148-55 

1024x4 

55 

165 

990 

18 

5 

C,M 

D, L 

Am2148-70 

1024x4 

70 

165 

990 

18 

5 

C,M 

D,L 

Am2149-55 

1024x4 

55 

- 

990 

18 

5 

C, M 

D, L 

Am2149-70 

1024x4 

70 

- 

990 

18 

5 

C,M 

D,L 


16K STATIC RAMs 


Part 

Number 

Organization 

Access 
Time (ns) 

Power Dissipation (mW) 

Standby Active 

Pins 

Supply 
Voltage (V) 

— 

Temp 

Range 

Package 

Am9128-10 

2048x8 

100 

83 

660 

24 

5 

C 

D, P 

Am9128-15 

2048 X 8 

150 

83 

550 

24 

5 

C, M 

D, P 

Am9128-20 

2048 X 8 

200 

165 

660 

24 

5 

C, M 

D,P 

Am9128-70* 

2048x8 

70 

165 

770 

24 

5 

c 

D, P 

Am9167-45* 

16384x1 

45 

165 

660 

20 

5 

C 

D 

Am9167-55* 

16384x1 

55 

165 

660 

20 

5 

C, M 

D 

Am9168-45* 

4096x4 

45 

165 

660 

20 

5 

C 

D 

Am9168-55* 

4096x4 

55 

165 

660 

20 

5 

C, M 

D 


*Available in 1983. 


DYNAMIC RAMs 


Part 

Number 

Organization 

Access 
Time (ns) 

Power Dissipation (mW) 

Standby Active 

Pins 

^ Supply 
Voltage (V) 

— 

Temp 

Range 

Package 

Am9016C 

16384x1 

300 

20 

420 

16 

+ 12 ±5 

C, L 

P, D, L 

Am9016D 

16384x1 

250 

20 

420 

16 

+ 12 ±5 

C,L 

P, D, L 

Am9016E 

16384x1 

200 

20 

420 

16 

+ 12 ±5 

C,L 

P, D, L 

Am9016F 

16384x1 

150 

20 

420 

16 

+ 12 ±5 

C 

P, D, L 












ROMs 


Part 

Number 

Organization 

Access Time 
(ns) 

Temp 

Range 

Supply 

Voltage 

Pins 

Operating Power 
Max (mW) 

Outputs 

8316E 

2048x8 

450 

C,M 

+5 

24 

499 

3-State 

Am9218B 

2048 x8 

450 

C,M 

+5 

24 

368 

3-State 

Am9218C 

2048x8 

350 

C 

+5 

24 

368 

3-State 

Am9232B 

4096x8 

450 

C,M 

+5 

24 

420 

3-State 

Am9232C 

4096x8 

300 

C 

+5 

24 

420 

3-State 

Am9232D 

4096x8 

250 

C 

+5 

24 

420 

3-State 

Am9233B 

4096x8 

450 

C,M 

+5 

24 

420 

3-State 

Am9233C 

4096x8 

300 

C 

+5 

24 

420 

3-State 

Am9233D 

4096x8 

250 

C 

+5 

24 

420 

3-State 

Am9264B 

8192x8 

450 

C,M 

+5 

24 

440 

3-State 

Am9264C 

8192x8 

300 

C 

+5 

24 

440 

3-State 

Am9264D 

8192x8 

250 

C 

+5 

24 

440 

3-State 

Am9265B 

8192x8 

450 

C,M 

+5 . 

28 

440,110^ 

3-State 

Am9265C 

8192x8 

300 

C 

+5 

28 

440,110^ 

3-State 

Am9265D 

8192x8 

250 

C 

+5 

28 

440,110^ 

3-State 

Am92128B 

16384x8 

450 

C.M 

+5 

28 

440,137^ 

3-State 

Am92128C 

16384x8 

300 

C 

+5 

28 

440,1371 

3-State 

Am92128D 

16384x8 

250 • 

C 

+5 

28 

440,I 37 I 

3-State 

Am92256B 

32768 X 8 

450 

C 

+5 , 

28 

660,1651 

3-State 

Am92256C 

32768 X 8 

300 

C 

+5 

28 

660,1651 

3-State 

Am92256D 

32768 X 8 

250 

C 

+5 

28 

660,1651 

3-State 


Note: 1. Standby 
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AMD 20-Pin PAL* Family 

20•Pin IMOX™ Programmable Array Logic Elements 


DISTINCTIVE CHARACTERISTICS 

• Fast 

- High speed “A” versions 

(tpd = 25ns, ts = 20ns, too - ISns, max) 

- Standard speed versions 

(tpd = 35ns, ts = 30ns, tco = 25ns, max) 

• Flexible 

- User programmability allows customized designs 

- Eases design updates in prototype or product 

• Low Cost 

- Reduces board space/chip count 

- Reduces design time 

- Reduces inventory cost 

• Reliable 

- Proven Platinum-Siliclde fuse technology 

- Fully AC and DC tested 

- Preload of output registers allows full logical testing 


FUNCTIONAL DESCRIPTION 

AMD PALs are high speed electrically programmable array 
logic elements. They utilize the familiar sum-of-products 
(AND-OR) structure allowing users to program custom logic 
functions to fit most applications precisely. 

Initially the AND gates are connected, via fuses, to both the 
true and complement of every input. By selective program¬ 
ming of fuses the AND gates may be “connected” to only the 
true input (by blowing the complement fuse), to only the 
complement input (by blowing the true fuse), or to neither 
type of input (by blowing both fuses) establishing a logical 
“don’t care.” When both the true and complement fuses are 
left intact a logical false results on the output of the AND gate. 
An AND gate with all fuses blown will assume the logical true 
state. The outputs of the AND gates are connected to fixed 
OR gates. The only limitations imposed are the number of 
inputs to the AND gates (up to 16) and the number of AND 
gates per OR (up to 8). 

The part types in the AMD PAL family are differentiated by 
the allocation of registered (with internal feedback) and 
combinatorial (bi-directional and dedicated) outputs. All 
combinatorial AMD PALs are available in both active HIGH 
(AND-OR) and active LOW (AND-OR-INVERT) versions. 


AMD PAL FAMILY CHARACTERISTICS 

All members of the AMD PAL family have common electrical 
characteristics and programming procedures. All parts in this 
family are produced with a fusible link at each input to the 
AND gate array. Connections may be selectively removed by 
applying appropriate voltages to the circuit. 

All parts are fabricated with AMD’s fast progfemming, highly 
reliable Platinum-Silicide Fuse technology. Utilizing an eas¬ 
ily implemented programming algorithm, these products can 
be rapidly programmed to any customized pattern. Extra 
test words are pre-programmed during manufacturing to 
insure extremely high field programming yields (>98%), and 
provide extra test paths to achieve excellent parametric 
correlation. 


Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non- 
conductive gaps that ensure very stable, long term reliability. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers the best reliability for fusible link 
programmable logic. 

The AMD PAL family is manufactured using Advanced Micro 
Devices’ selective oxidation process, IMOX. This advanced 
process permits an increase in density and a decrease in 
internal capacitance resulting in the fastest possible pro¬ 
grammable logic devices. 

The AMD PAL family also incorporates the unique capability 
of preloading the output registers during testing to any de¬ 
sired value. Preload is invaluable when testing the logical 
functionality of a programmed AMD PAL. 


AMD PAL FAMILY TABLE 


Part 

Number 

Array 

Inputs 

Logic 

OE 

Outputs 

fpd 

(MAX) 

STD A 

ts 

(MAX) 

STD A 

tco 

(MAX) 

STD A 


AmPAL16R8 

(8) Dedicated 
(8) Feedback 

(8) 8-Wide AND-OR 

j 

Dedicated 

Registered Inverting 


- 

30 

20 

25 

15 

ns 

AmPAL16R6 

(8) Dedicated 
(6) Feedback 
(2) Bidirectional 

(6) 8-Wide AND-OR 

Dedicated 

Registered Inverting 

35 

25 

30 

20 

25 

15 

ns 

(2) 7-Wide AND-OR-INVERT 

Programmable 

Bidirectional 

AmPAL16R4 

(8) Dedicated 
(4) Feedback 
(4) Bidirectional 

(4) 8-Wide AND-OR 

Dedicated j 

Registered Inverting 

35 

25 

30 

20 

25 

15 

ns 

(4) 7-Wide AND-OR-INVERT 

Programmable 

Bidirectional 

AmPAL16L8 

(10) Dedicated 
(6) Bidirectional 

(8) 7-Wide AND-OR-INVERT 

Programmable 

(6) Bidirectional 
(2) Dedicated 

35 

25 

- 

- 

- 

- 

ns 

AmPAL16H8 

(10) Dedicated 
(6) Bidirectional 

(8) 7-Wide AND-OR 

Programmable 

(6) Bidirectional 
(2) Dedicated 

35 

25 

- 

- 

- 

- 

ns 

AmPAL16LD8 

(10) Dedicated 
(6) Bidirectional 

(8) 8-Wide AND-OR-INVERT 

- 

Dedicated 

35 

25 

- 

- 

- 

- 

ns 

AmPAL16HD8 

(10) Dedicated 
(6) Bidirectional 

(8) 8-Wide AND-OR 

- 

Dedicated 

35 

25 

- 

- 

- 

- 

ns 


PAL is a registered trademark of Monolithic Memories, Inc. 
IMOX is a trademark of Advanced Micro Devices, Inc. 
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AMD 20-Pin PAL Family 

MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65to+150X 

Temperature (Ambient) Under Bias 

-55to+125°C 

Supply Voltage to Ground Potential (Pin 20 to Pin 10) Continuous 

-0.5 to +7V 

DC Voltage Applied to Outputs (Except During Programming) 

-0.5V to +Vcc max 

DC Voltage Applied to Outputs During Programming 

21V 

Output Current Into Outputs During Programming (Max Duration of 1 sec) 

200mA 

DC Input Voltage 

-0.5 to -h5.5V 

DC Input Current 

-30 to -h5mA 


OPERATING RANGE 


Parameters Description 

Commerciai 

Military 

Units 

Min 

Max 

Min 

Max 

Vcc 

Supply Voltage 

4.75 

5.25 

4.50 

5.50 

V 

Ta 

Operating Free Air 
Temperature 

0 

75 

-55 


X 

Tc 

Operating Case 
Temperature 




125 

X 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 

Typ 

Parameters Description Test Conditions Min (Note 1) Max Units 


VOH 

Output HIGH Voltage 

Vcc = MIN, 

V|N = ViH or V|L 

lOH = -3.2mA 

COM’L 

2.4 

3.’5 


Volts 

•oh = -2mA 

MIL 

Vql 

Output LOW Voltage 

Vcc = min, 

V|N = V|H or V|L 

Iql = 24mA 

COM’L 



0.50 

Volts 

lOL = 12mA 

MIL 

VlH 

(Note 2) 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

ViL 

(Note 2) 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

l|L 

Input LOW Current 

Vcc = max, V(|s| = 0.40V 


-20 

-250 

IxA 

l|H 

Input HIGH Current 

Vcc = max, ViN = 2.7V 



25 

/xA 

l| 

Input HIGH Current 

Vcc = max, ViN = 5.5V 



1.0 

mA 

•sc 

Output Short Circuit Current 

Vcc = max, Vqut = O.SV (Note 3) 

-30 

-60 

-90 

mA 

Ice 

Power Supply Current 

All inputs = GND, Vcc = MAX 

16L8, 16H8, 16HD8, 16LD8 

16L8A. 16H8A, 16HD8A, 16LD8A 

' 

110 

155 

mA 

16R8, 16R6, 16R4 

16R8A, 16R6A, 16R4A 


120 

180 

Vl 

Input Clamp Voltage 

Vcc = min, I|n = -18mA 


-0.9 

-1.2 

Volts 

•OZH 

Output Leakage Current 
(Note 4) 

Vcc = max. V|l = 0.8V 

ViH = 2.0V 

Vo = 2.7V 



100 

fjifii 

Iqzl 

Vo = 0.4V 



-100 

C|N 

Input Capacitance 

V|N = 2.0V @f = 1 MHz (Note 5) 


6 


pF 

Cqut 

Output Capacitance 

Vqut = 2 .0V @f = 1 MHz (Note 5) 


9 



Notes: 1. Typical limits are at Vqq = 5.0V and = 25°C. 

2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Vqut = 0.5V has been 
chosen to avoid test problems caused by tester ground degradation. 

4. I/O pin leakage is the worst case of Iqzx or Ijx (where X = H or L). 

5. These parameters are not 100% tested, but are periodically sampled. 
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AMD 20-Pin PAL Family 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted) 


nivan orccM 

Test 

Parameters Description Conditions 

Typ 

(Note 1) 

COM’L 

MIL 

Units 

Min Max 

Min Max 

tPD 

, Input or Feedback to Non-Registered Output 

16L8A, 16R6A, 16R4A, 16LD8A, 16H8A, 16HD8A 

COM’L 

Rl = 200 

R2 = 390 

MIL 

Rl = 390 

R2 = 750 

12 


25 


30 

ns 

tEA 

Input to Output Enable 16L8A, 16R6A, 16R4A, 16H8A 

12 


25 


30 

ns 

tER 

Input to Output Disable 16L8A, 16R6A, 16R4A, 16H8A 

12 


25 


30 

ns 

tpzx 

Pin 11 to Output Enable 16R8A, 16R6A, 16R4A 

8 


20 


25 

ns 

tpxz 

Pin 11 to Output Disable 16R8A, 16R6A, 16R4A 

8 


20 


25 

ns 

too 

Clock to Output 16R8A, 16R6A, 16R4A 

8 


15 


20 

ns 


Input or Feedback Setup Time 16R8A, 16R6A, 16R4A 

10 

20 


25 


ns 

tH 

Hold Time 16R8A, 16R6A, 16R4A 

-10 

0 


0 


ns 

tp 

Clock Period 


35 


45 


ns 

tw 

Clock Width 


15 


20 


ns 

fMAX 

Maximum Frequency 



28.5 


22 

MHz 


Notes: 1. Typical limits are at Vqc = 5.0V and Ta = 25°C. 

2. tpQ is tested with switch Si closed and Ci_ = 50pF. 

3. For three-state outputs, output enable times are tested with Ci_ = 50pF to the 1.5V level; Si is open for high impedance to HIGH tests and 
closed for high impedance to LOW tests. Output disable times are tested with Cl = 5pF. HIGH to high impedance tests are made to an output 
voltage of Vqh - 0.5V with Si open; LOW to high impedance tests are made to the Vql + 0.5V level with Si closed. 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted) 


STANDARD SPEED 


Test 

Parameters Description Conditions 

Typ 

(Note 1) 

COM’L 

MIL 

Units 

Min Max 

Min Max 

tPD 

Input or Feedback to Non-Registered Output 

16L8,16R6,16R4,16LD8, 16H8, 16HD8 

COM’L 

Rl = 200 

R2 = 390 

MIL 

Rl = 390 

R2 = 750 

17 


35 


40 

ns 

tEA 

Input to Output Enable 16L8,16R6,16R4,16H8 

17 


35 


40 

ns 

tER 

Input to Output Disable 16L8,16R6,16R4,16H8 

17 


35 


40 

ns 

tpzx 

Pin 11 to Output Enable 16R8,16R6,16R4 

12 


25 


25 

ns 

tpxz 

Pin 11 to Output Disable 16R8,16R6,16R4 

12 


25 


25 

ns 

tco 

Clock to Output 16R8,16R6,16R4 

12 


25 


25 

ns 

ts 

Input or Feedback Setup Time 16R8,16R6,16R4 

15 

30 


35 


ns 

tH 

Hold Time16R8,16R6,16R4 

-10 

0 


0 


ns 

tp 

Clock Period 


55 


60 


ns 

tw 

Clock Width 


20 


25 


ns 

tMAX 

Maximum Frequency 



18 


16.5 

MHz 


Notes: 1. Typical limits are at Vqc = 5.0V and Ta = 25°C. 

2. tpD is tested with switch Si closed and Cl = 50pF. 

3. For three-state outputs, output enable times are tested with Cl = 50pF to the 1.5V level; Si is open for high impedance to HIGH tests and 
closed for high impedance to LOW tests. Output disable times are tested with Cl = 5pF. HIGH to high impedance tests are made to an output 
voltage of Vqh - 0.5V with Si open; LOW to high impedance tests are made to the Vql + 0.5V level with Si closed. 


AC TESTLOAD 



BPM-370 
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AMD 20-Pin PAL Family 


SWITCHING WAVEFORMS 


INPUTS, I/O, 
REGISTERED 
FEEDBACK 


REGISTERED 

OUTPUTS; 


COMBINATORIAL 

OUTPUTS: 



WAVEFORM INPUTS 


MUST BE 
STEADY 


KEY TO TIMING DIAGRAM 


DON’T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 



CENTER 

DOES NOT LINE IS HIGH 

APPLY IMPEDANCE 

“OFF ” STATE 
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AMD 20-Pin PAL Family 


LOGIC DIAGRAM AmPAL16R8/AmPAL16R8A 


o 

3 

Q 

O 

CC 



12 
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AMD 20-Pm PAL Family 
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AMD 20-Pin PAL Family 
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AMD 20-Pin PAL Family 


PROGRAMMING 

Each AMD PAL fuse is programmed with a simple sequence of 
voltages applied to two control pins (1 and 11) and a programming 
voltage pulse applied to the output under programming. Addres¬ 
sing of the 2048 element fuse array is accomplished with normal 
TTL levels on eight input pins (five select the input line number 
and three select the product term number). Vqc is maintained at a 
normal level throughout the programming and verify cycle - no 
extra high levels are required. 

The necessary sequence of levels for programming any fuse Is 
shown in the Programming Timing Diagram. The address of each 
fuse in terms of Input Line Number and Product Term Line 
Number is defined by the Fuse Address Tables 1 and 2. Current, 
voltage and timing requirements for each pin are specified in the 
Programming Parameter Table below. 

The 16L8, 16R8, 16R6, 16R4, 16H8, 16LD8 and 16HD8 use 
identical programming conditions and sequences. 

After all programming has been completed, the entire array 
should be reverified at VccL and again at VccH- Reverification 
can be accomplished by reading all eight outputs in parallel rather 
than one at a time. The array fuse verification cycle checks that 


the correct array fuses have been blown and can be sensed by 
the outputs. 

AMD PALs have been designed with many internal test features 
that are used to assure high programming yield and correct 
logical operation for a correctly programmed part. 

An additional fuse is provided on each AMD PAL circuit to prevent 
unauthorized copying of AMD PAL fuse patterns when design 
security is desired. Blowing the security fuse blocks entry to the 
fuse pattern verify mode. 

To blow the security fuse: 

1. Power up part to Vccp 

2. Raise Pin 5 to Vhh- 

3. Pulse Pin 11 from ground to Vqp for a 50/asec duration. 

4. Perform a normal end-of-programming verify cycle at Vqcl 
and Vqch- All fuse locations should be sensed as blown if the 
security fuse has been successfully blown. 

Note that parts with the security fuse blown may not be returned 
as programming rejects. 

AMD PALs normally have high programming yields (>98%). 
Programming yield losses are frequently due to poor socket 
contact, equipment out of calibration or improperly used. 


PROGRAMMING PARAMETERS Ta = 25X 


Parameters 

Description 

Min 

Typ 

Max 

Units 

Vhh 

Control Pin Extra High Level 

Pin 1 @ 10-40mA 

10 

11 

12 

Volts 

Pin 11 @ 10-40mA 

10 

11 

12 

Vqp 

Program Voltage Pins 12-19 @ 15 

-200mA 

18 

20 

22 

Volts 

V|HP 

Input High Level During Programming and Verify 

2.4 

5 

5.5 

Volts 

V,LP 

Input Low Level During Programming and Verify 

0.0 

0.3 

0.5 

Volts 

VgCP 

Vcc During Programming @ Iqc = 

50-200mA 

5 

5.2 

5.5 

Volts 

VcCL 

Vcc During First Pass Verification @ Ice = 50-200mA 

4.1 

4.3 

4.5 

Volts 

VcCH 

Vcc During Second Pass Verification @ Ice = 50 - 200mA 

5.4 

5.7 

6.0 

Volts 

Vsiown 

i 

Successful Blown Fuse 

Sense Level @ Output 

16L8, 16R8, 16R6, 16R4, 16LD8 

16L8A, 16R8A, 16R6A, 16R4A, 16LD8A 


0.3 

0.5 

Volts 


16H8, 16HD8, 16H8A, 16HD8A 

2.4 

3 


dVop/dt 

Rate of Output Voltage Change 

20 


250 

y/fxsec 

dVii/dt 

Rate of Fusing Enable Voltage Change (Pin 11 Rising Edge) 

100 


1000 

y/ixsec 


Fusing Time First Attempt 

40 

50 

100 

fisec 


Subsequent Attempts 

4 

5 

^0 

msec 

to 

Delays Between Various Level Changes 

100 

200 

1000 

ns 

tv 

Period During which Output is Sensed for Veiown Level 



500 

ns 

Vqnp 

Pull-Up Voltage On Outputs Not Being Programmed 

Vccp " 

Vccp 

Vccp + 0-3 

Volts 

R 

Pull-Up Resistor On Outputs Not Being Programmed 

1.9 

2 

2.1 

m 


AMD PAL PROGRAMMING EQUIPMENT INFORMATION 


Source and 
Location 

Data I/O 

10525 Willows Rd. N.E. 
Redmond, WA 98052 

Kontron Electronics, Inc. 

630 Price Avenue 

Redwood City, 

CA 94063 

Stag Microsystems 
528-5 Weddel Drive 
Sunnyvale, 

CA 94086 

Programmer 

Model(s) 

Model-100, 29, 

19 or 17 

Model-MPP-80S 
or EPP80 

Model-PPX 

AMD PAL 
Personality 
Module 

Logiepak 

950-1942-001 

MOD-33 

PPM2200 

Socket 

Adapter 

715-1947-003 

SA37 

Am202S 
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AMD 20-Pin PAL Family 


PRELOAD OF REGISTERED OUTPUTS LOW state. This feature simplifies testing since any initial state for 

the registers can bp set to optimize test sequencing. 

AMD PAL registered outputs are designed with extra circuitry to The pin levels and timing necessary to perform the PRELOAD 

allow loading each register asynchronously to either a HIGH or function are detailed below: 



Vhh 


VlLP 

Vhh 


VoH 


Level forced on registered 
output pin during preload cycle 

Output state at the 
output pin after cycle 

Vhh 

HIGH 

OV to VccH OI' OPEN 

LOW 


ORDERING INFORMATION 


AmPAL XXXXX X X X X 


Basic Device - 

16R8 

16R6 

16R4 

16L8 

16H8 

16LD8 

16HD8 

Speed Selection 
= Standard 

A = High Speed 



P = Molded DIP (Commercial Only) 
D = Hermetic DIP 
L - Chip-Pak^«* 


*Chip-Paks are rated at maximum case temperature only. 


Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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MOS Microprocessor 

Family Selector Guide 



8086/88 

8085A 

8085A-2 

8080A 

Z8001/2t 

Z8001/2-A 

Clock Period 

200ns 

320ns 

200ns 

480ns 

250ns 

165ns 

Clock Generator 

8284A 

On-Chip 

On-Chip 

8224 

8127 

8127 

Arithmetic 
Processing Unit 

8087 

9511A-1 

9512-1 

9511A-4 

9512-1 

9511A 

9512 

9511A-4 

9512-1 

9511A-4 

9512-1 

Interrupt 

Controller 

8259A-5 

9519A 
8259A 

9519A-4 

8259A-5 

9519A 
8259A 

9519A-1 

9519A-1 

DMA 

Controller 

8089 

9516A 
9517A-5 

9517A-4 

9517A-5 

9517A 

8016 

9517A-4 

8016A 

Dynamic Memory 
Controller 

2964B 

2964B 

2964B 

2964B 

2964B 

2964B 

Serial I/O 

8251A 
8530A 
8030A 

8251A 

8530 

8251A 
8530A 

8251A 

8030 

8030A 

Parallel I/O 

8255A-5 

8036A 

8255A-5 

8255A-5 

8255A 

8036 

8036A 

Counter 

Timer I/O 

9513 

8036A 

8073 

9513 

8253-5 

9513 

8253-5 

9513 

8253 

8073 

8073 

FIFO I/O 

8038 

8038 

8038 

8038 

8038 

8038 

Data Ciphering 
Processor 

8068 

8068 

8068 

9518 

8068 

8068 

Error Detection 
and Correction 

2960 

2960 

2960 

2960 

2960 

2960 

Burst Error 
Processor 

8065 

9520 

8065 

9520 

8065 

9520 

8065 

9520 

8065 

9520 

8065 

9520 

CRT Controller 

8275 

8052 

8275 

8275 

8275 

8052 

8052A 

I/O Processor 

8089 

N/A 

N/A 

N/A 

N/A 

N/A 

RAMI/0 

N/A 

8155/6 

8155/6-2 

N/A 

N/A 

N/A 

Memory 

Management Unit 

N/A 

N/A 

N/A 

N/A 

8010 

801OA 

Bus Controi/ 

Arbiter 

8288 

8289 

N/A 

N/A 

N/A 

N/A 

N/A 

Bus Latches 

29841-6 

29841-6 

29841-6 

29841-6 

29841-6 

29841-6 

Bus Buffers 

29827/28 

29827/28 

29827/28 

29827/28 

29827/28 

29827/28 

Bus 

Transceivers 

29861-4 

29861-4 

29861-4 

29861-4 

29861-4 

29861-4 

EDC Buffers 

2961/2 

2961/2 

2961/2 

2961/2 

2961/2 

2961/2 

RAM Drivers 

2965/6 

2965/6 

2965/6 

2965/6 

2965/6 

2965/6 


tZSOOO is a trademark of Zilog, Inc. 
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Microprocessor 

8001 

16-Bit CPU 

CPUs 

8002 

16-Bit CPU 


8086 

16-Bit CPU 


8080A 

8-Bit CPU 


8085A,H 

8-Bit CPU 


8088 

8-Bit CPU* 

Single-Chip 

8051/31 

8-Bit Microcomputer** 

Microcomputers 

8049/39 

8-Bit Microcomputer 


8048/35 

8-Bit Microcomputer 


8041A 

Universal Peripheral Interface 

Am9500 Advanced 

9511A 

Arithmetic Processor 

System Components 

9512 

Arithmetic Processor 


9513 

System Timing Controller 


9517A 

DMA Controller 


9518 

Data Ciphering Processor 


9519A 

Universal Interrupt Controller 


9520 

Burst Error Processor 


9521 

32-, 35-Bit Burst Error Processor 

8086/88/85/80 Family 

8087 

Arithmetic Processor** 

System Components 

8089 

I/O Processor** 


8155,H 

RAM with I/O Ports 


8156,H 

RAM with I/O Ports 


8212 

Octal I/O Port 


8216/26 

Quad Bus Driver 


8224 

Clock Generator for 8080A 


8228/38 

Bus Driver for 8080A 


8231A 

Arithmetic Processor 


8232 

Arithmetic Processor 


8237A 

DMA Controller 


8251A 

Serial I/O USART* 


8253 

Counter/Timer 


8255A 

Programmable Peripheral Interface 


8259A 

Interrupt Controller* 


8275 

CRT Controller* 


8279 

Keyboard/Display Interface 


8284A 

Clock Generator** 


8286 

Octal Transceiver 


8287 

Octal Transceiver 


8288 

Bus Controller** 


8289 

Bus Arbiter** 


9516 

Data Transfer Controller* 


8530 

Serial Communications Controller* 


8036 

Counter/Timer I/O 


8038 

FIFO I/O Interface* 




Components 


Z8001/2 Family 

8010 

Memory Management Unit* 

System Components 

8016 

Data T ransfer Controller 


8030 

Serial Communication Controller* 


8036 

Counter I/O 


8038 

FIFO I/O Interface 


8052 

CRT Controller** 


8060 

FIFO Buffer/FlO Expander* 


8065 

Burst Error Processor 


8068 

Data Ciphering Processor 


8073 

System Timing Controller 


29861-4 

High Performance Bus Transceivers* 


8121 

Octal Comparator 


8127 

Clock Generator and Controller 


29827/28 

High Performance Bus Buffers* 


8163 

Refresh and EDC Controller (16 MHz) 


8167 

Refresh and EDC Controller (22 MHz) 


29821-6 

High Performance Bus Registers 


29841-6 

High Performance Bus Latches* 

Bipolar Support 

25LS244 

Octal Buffer 

Circuits 

25LS2521 

Octal Comparator 


25LS2536 

Octal Address Decoder 


25LS2548 

Octal Decoder with ACK 


29821-6 

High Performance Bus Registers 


2925 

Clock Generator 


29861-4 

High Performance Bus Transceiver* 


2948/49 

Octal Bus Transceiver 


2960 

16-Bit Error Detection and Correction 


2961/62 

EDC Buffers 


2964B 

Dynamic Memory Controller 


2965/66 

RAM Drivers 


29841-6 

High Performance Bus Latches* 
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Analog Data Acquisition 
Product Guide and 
Cross Reference 


DIGITAL-TO-ANALOG CONVERTERS 




ANALOG-TO-DIGITAL CONVERTERS 


HIGH-SPEED 4-BIT 

Am6688 lOOMMz Sampling Rate, 8-Bit Accuracy, Rash Converter 

HIGH-SPEED 6-BIT 


Ameeoe* IOOMHz sampling Rate, 8-Bit Accur 

HIGH-SPEED MICROPROCESSOR COMPATIBLE 8-BI 
Am6108/6148** donversion Time, Contains Reference, DAC, Comparator. SAR, Scale Reastora, 3-State 

duffers and Control Logic 

HIGH-SPEED MICROPROCESSOR COMPATIBLE 12-BIT 

Am6ll2" 3 ijls Conversion Time, Contains Reference, DAC. Comparator, 

3-State Buffers and Control Logic 




SAMPLE AND HOLD AMPLIFIERS 


GENERAL PURPOSE 

LF198/398 Less than lO/xs Acquisition Time, industry Standard Sample and Hold 

Am6420* 600ns Acquisition Time, tOns Aperture Delay, 0.01% Linearity Error 

* In development. 

**Am6148 is the slim 24-pin, 0.3" version of the Am6108. 

12-26 

















VOLTAGE COMPARATORS 
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LF155/156 

FET-Input, High Slew Rate and 


Fast Settling Time 

LM108 

Low Power. ±2V to ±20V Supply 

LM118 

High Speed, 15MHz Bandwidth 

LM148 



CROSS REFERENCE 



IMtOnal 

Fairchild 

Signatics 

PMi 

Motorola 
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Guidelines on Testing Ann2900 
Family Devices 


(.INTRODUCTION 

The Am2900 Family represents a major step forward in bipolar 
technology, in that each device contains a number of MSI-type 
functions interconnected on one chip. The gate counts in the 
parts comprising the Am2900 Family are around 10-100 times 
the gate count of MSI functions. While this produces a number of 
advantages for manufacturing, such as reduced component 
count and lower costs, it complicates the incoming-inspection 
problem because test programs tend to be long and complex 
and must be carefully designed to insure that all bad parts are 
rejected and most good parts are accepted. While stating these 
two criteria is simple, reducing them to practice is not. LSI de¬ 
vices are not as “forgiving” of simplifications in test patterns and 
assumptions about forcing functions and noise levels, as their 
simpler counterparts. These notes are intended to point out 
some common areas of difficulty and their solutions. 

II. THE PURPOSE OF TESTING 

Testing is performed at most facilities during an inspection of 
purchased material. The reason, of course, is that it is much less 
expensive to screen parts then, than it is to troubleshoot and 
repair completed boards. Ideally, all the parts passed by Incoming 
inspection will work in the system. This is insured through a 
specification which defines the way the part must behave in the 
system, and the incoming test should confirm that devices re¬ 
ceived meet the specification. The incoming test should not reject 
devices which meet the specification. When test programs are 
too tight or test for conditions not contained in the specification, 
delays in shipments occur and significant costs are incurred 
by both the vendor and the buyer trying to resolve “correlation 
problems.” 

III. GUARANTEEING THAT THE PARTS WORK 

One step in testing devices is to perform DC parametric 
tests; Ice. Vqh. Vql and the like. These tests on bipolar LSI are 
not really different from those performed on simpler TTL devices, 
except that the number of pins involved is greater, and more 
complex set-ups may be required to put outputs in the proper 
state for testing. Another step is functional testing, and for bipolar 
LSI, function tests are significantly different than for MSI. The 
function tests must first insure that the device is capable of 
working, i.e., it’s hooked up correctly inside. These kinds of tests 
can be described as “stuck-at-one, stuck-at-zero” tests, because 
they are designed to exercise each gate in the part. Even for a 
part as complex as the Am2901, the “stuck-at” tests can be 
performed quickly. Less than 400 test patterns must be applied to 
the part to exercise every gate. 

But, “stuck-at” tests make an assumption: if a gate works, then it 
works regardless of the state of other gates in the circuit. Each 
gate is treated independently, but, in the integrated circuit, no 
gate is an island. The performance of one gate can, in fact, 
depend on the states of surrounding gates, because they share 
common inputs or common ground lines. 

These possible faults are often not tested by “stuck-at” tests, 
because they are not independent of the state of surrounding 
logic. These potential faults depend on the physical and logical 
construction of the circuit. They are usually called “pattern sen¬ 
sitivities.” Pattern-sensitive faults, like the two described above, 


are not something new. All digital products exhibit pattern sen¬ 
sitivities - even SSI. But, on simpler parts, either traditional 
“stuck-at” tests happen to find most of them, or the parts are easy 
enough to test that all possible data patterns are generated 
during testing. Neither of these circumstances is true for bipolar 
LSI. A special effort must be made to apply many data patterns to 
the devices to check for pattern-sensitive faults. This has been 
done for years with RAM patterns such as GALPAT. It must now 
be done with logic functions as well. 

In the devices in the Am2900 Family, as with FlAMs, testing all 
possible data patterns is not practical, but, the various MSI kinds 
of functions in the devices (register, ALU, multiplexer, etc.) can 
generally be logically isolated, and each of those functions should 
be checked independently for all possible data patterns. This 
principle works because ( 1 ) as a rule, it is possible to control the 
MSI functions in a 2900 part with some degree of independence, 
and (2) the MSI functions are usually physically separated on the 
die, so that a data pattern within one MSI block will not exhibit 
pattern sensitivity dependent on the data in another MSI block. 

In the Arn2901, for example, ALU tests using the two RAM ports 
as data sources are unlikely to be affected by the state of the data 
inputs or the Q register. The shift multiplexer at the input of the 
RAM Is unlikely to be affected by the Q register or the ALU 
source-select multiplexers. The control logic for the ALU source 
multiplexers should not be affected by anything in the ALU. By 
applying these kinds of principles intelligently function tests can 
be constrained to a few thousand tests which provide a very high 
confidence level that the part is not subject to pattern-sensitive 
faults within its operating range. 

As an example of the test philosophy used on these parts, the 
function tests for the Am2901 are described below. 

Am2901 FUNCTION TEST DESCRIPTION 

The following describes the function tests performed on the 
Am2901. The OE pin is low during the entire function tests and 
each test gets one clock pulse. 

A-Port Galpat via ALU 

These are tests in which the A-address of the 2-port RAM is 
tested for Galloping “ones” in a field of “zeros.” During these 
tests, the B-address is the same as the A-address and OP code 
337 is used for a write operation, while OP code 134 is used for a 
write operation, while OP code 134 is used for a read operation. 
The four shift-operation pins, Qq, Q 3 , RAMq and RAM 3 , are 
ignored. 

B-Port Galpat via ALU 

These are tests in which the B-address of the 27 port RAM is 
tested for Galloping “ones” in a field of “zeros.” During these 
tests, the A-address is the inverse of the B-address and OP code 
337 is used for a write operation while OP code 133 is used for a 
read operation. The four shift-operation pins, Qq, Q 3 , RAMq and 
RAM 3 , are ignored. 

A-Port Galpat Bypass ALU 

These are tests in which the A-address of the 2-port RAM is 
tested for Galloping “ones” in a field of “zeros.” During these 
tests, the B-address is the inverse of the A-address and OP code 
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337 is used for a write operation while OP code 233 is used for a 
read operation. The four shift-operation pins, Qq, Q 3 , RAMq and 
RAM 3 , are ignored. 

Repeat 1 above by inverting the Data and Y output information on 
D 3.0 and Y 3 . 0 . All other outputs are ignored. This performs Gal¬ 
loping "zeros” in a field of “ones” for the A-Port via ALU. 

Repeat Item 2 above by inverting the Data and Y output informa¬ 
tion on D 3.0 and Y 3 . 0 . All other outputs are ignored. This performs 
Galloping “zeros” in a field of “ones” for the A-Port via ALU. 

Repeat Item 3 above by inverting Data and Y output information 
on D 3.0 and Y 3 . 0 . All the other outputs are ignored. This is 
Galloping “zeros” in a field of “ones” for A-Port bypass ALU. 

ALU Source Code 

During these tests, the A and B-addresses are at word locations 
preloaded with known values. The Q register is also preloaded. 
Then, with the ALU destination OP code = 1 (No-OP) and the 
ALU function code = 6 (exclusive OR), the source code is cycled 
through from 0-7. The function code is then modified to 7 (exclu¬ 
sive NOR) and the source code sequence is cycled through once 
more. 

ALU Function Code 

During these tests, the memory is preloaded with content equal to 
the address. In other words, word 0 is loaded with 0, word 1 with 1, 
and so on. Then, with A-address = B-address, a destination OP 
code of 1 (No OP), and a source OP code of 1 (A&B Port 
selected), the ALU function code is cycled through the sequence 
of 7, 5, 4, 0, 1, 3, 2, 6 for every set of A&B address. This whole 
sequence is then repeated with A-address equal to the inverse of 
the B-address. 

Arithmetic Operation & Carry Generation 

During these tests, the memory is preloaded with content 
address. With OP code 105, whereby D input is added to the 
A-Port of the memory, the tester cycles through every possible 
D input added to every word in memory with carry in being both 
one and zero. 

Q Register Operation 

During these tests, the Q register is first loaded with all zeros. 
Then, with Cn = 0 and with OP code 006, whereby Q register is 
loaded with the sum of data input and Q-register content on every 
clock cycle, the device is clocked through all possible data inputs. 
The Cn input is then changed to a ONE, and with OP code 016 
whereby Q register is loaded with the difference of Q-D. The 
device is clocked through all possible data input again. This 
checks both the add and subtract modes of the ALU, the 
internal-carry-lookahead circuitry and the Q-register operation. 

Q Register Shifting 

During these tests, a unique string of data (11100001 
010011011110) is shifted into the appropriate shift inputs. OP 
codes used in this group of tests are 432 for shift left, 532 for no 
shift, 632 for shift right and 732 for no shift. 

RAM Shifting 

During these tests, A and B-address are at word 0. A string of data 
( 11100001010011011110 ) is shifted into the appropriate shift in¬ 
puts. OP codes used are 434 and 533 for left shift, 634 and 733 for 
right shift. 

IV. AVOIDING THE REJECTION OF GOOD DEVICES 

Discrepancies in testing results between the vendor and the 
buyer result in much irritation and substantial costs for both. 


Some of the common sources of these discrepancies are dis¬ 
cussed below. 

Testing for Unspecified or “don’t care ” Conditions 

The data sheet (or purchase specification) defines the charac¬ 
teristics of the part. It is hard enough to test for everything 
specified without adding additional tests for unspecified 
parameters. If the state of an output is not specified under certain 
conditions, then it should not be tested. 

Noise 

Many testing problems result from noise produced by the in¬ 
teractions of the device being tested and the test system. Typi¬ 
cal test fixtures have lead inductances several times that of a PC 
board socket. This inductance, especially in the device ground 
path, is the source of these problems. 

When the inputs to the device are changed there is a sequence of 
rapid changes in the devices ground currently as signals propa¬ 
gate through internal gates to the outputs. These appear as 
changes in the voltage drop across the device ground lead. This 
voltage drop can be as much as 2 volts across a few inches of 
wire. Rise times are on the order of 1 nsec and pulse widths range 
from 2 to lOnsec. Output tranisient current during switching may 
be 50 to 100mA. The test systems input and output reference 
voltages are set with respect to tester ground and are not effected 
by these transients. Consequently the effective input voltages to 
the device will vary. If the ground pin goes up 1 volt, all the inputs 
effectively go down 1 volt. 

This must be considered in selecting levels for Vh_ and Vih- The 
device data sheet says V|(_ must be less than 0.8V and V|h more 
than 2.0V. But this is as measured at the device package pins, 
between input and ground. This means that if the ground varies 
±0.5 volt the input levels must be V|i_ ^ 0.3V and Vm ^ 2.5V. If 
this is not done, a noise pulse could, for example, make the clock 
input effectively go high in the middle of the clock low time, 
causing an extra clock pulse. A similar situation exists at the 
device outputs, requiring Vql to be set higher, and Vqh lower, 
than the data sheet numbers. AMD uses Vii_ = OV,V|h = 3V, Vql 
= VoH = 2 V for functional tests. 

Proper observations are important to the understanding and 
control of these problems. Small changes in timing, bypass 
capacitors, etc will have large effects on the noise. An oscillo¬ 
scope of 200 MHz or greater bandwidth is essential. Noise vol¬ 
tage should be measured at the device ground pin (at the device 
package edge, not the bottom of the test socket). Connect the 
probe ground to the tester chassis. In order to see the peak noise 
voltage, cycle the tester through a long pattern. Trigger the scope 
internally from the noise waveform. Turn the trigger level slowly 
up until the trace is almost lost. The peak noise voltage will appear 
at the left side of the screen. Sweep speed should be about 
10nsec/div. Repeat for the peak of the opposite polarity. 

Another useful technique is to identify a particular test pattern 
location which causes significant noise. Sync the oscilloscope to 
this test cycle. Using a two channel scope, connect one channel 
to an input pin and the other channel to the device ground pin. 
Invert the channel on the ground pin and add the two channels. 
The waveform will show the effective input levels. 

An additional problem is introduced by I/O pins. When output load 
circuits are connected to these pins the tester must drive the load 
and the device when the pins are inputs. If the tester has a driver 
impedance of 50ohms and the load supplies 16mA into Vql, the 
input level produced will be 0.8V too high. This must be compen¬ 
sated by further reducing the programmed V|l for only the I/O 
pins. Some devices are sensitive to input voltages below ground. 
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If the tester does not provide suitable alternate driver supplies, it 
may be necessary to provide resistor puliups for input-only pins. 

The same ground lead inductance problems causes difficulties in 
DC testing. Many DC tests require some functional sequence to 
produce the correct device state. The input levels must be such to 
avoid false clocks, etc. DC tests may be used to verify input 
threshold levels. To do this, an output test such as Vql or Voh is 
selected where the outputs combinatorally depend on the inputs. 
Using non-threshold levels the appropriate input conditions are 
applied. The input levels are then reprogrammed to threshold 
levels. The outputs are then measured for Vql or Vqh- It is not 
possible to do the functional set-up with threshold levels, even if it 
is only a single line, as oscillations may occur. Switching between 
alternate driven supplies also may generate sufficient noise to 
cause problems. 

AC Testing 

Many modern testers allow switching tests to be performed dur¬ 
ing the application of complex test sequences. The switching and 
function tests can then occur together. Unfortunately, this blurs 
the distinction between functional failure and switching-speed 
failure when a device is rejected, so, it is a good idea to do some 
preliminary function testing with “loose” AC limits before trying to 
do everything at once. When function and AC testing are com¬ 
bined, it is important to consider the driving conditions under 
which the AC parameters are tested. Switching measurements 
on Bipolar ICs are usually made with input levels switching be¬ 
tween OV and 3.0V (sometimes 0.4V and 2.4V are used). The 
output transition is measured at 1.5V (sometimes at 1.3V). 

They are never specified at threshold levels (0.8V and 2.0V) 
because of noise problems. 

Realistic AC tests require sequencing through many lines of test 
pattern to include a variety of data paterns. Unfortunately the AC 
accuracy of most modern logic testers is not as good as memory 
testers. There are often significant differences between different 
waveform formats. The position of an edge may depend on 
whether adjacent pins are switching and whether they are going 
up or down. This limits the accuracy of testing, especially for such 
parameters as hold times, where tester error usually exceeds the 
difference between device typical and data sheet maximum. This 
may be observed on an oscilloscope by cycling the tester and 
synchronizing the scope to a repetitive pulse, such as the device 
clock pin.* Do not trigger the scope on any particular tester cycle. 
Observing a device input on the second scope channel will show 
many overlapping transitions, positive and negative. The width of 
this band must be added to other error sources to determine 
tester accuracy. 


Temperature Testing 

Integrated circuits are specified to operate over dither the com¬ 
mercial range of 0° to +70°C or the military range of ~55°C to 
-i-125°C. Standard screening procedures (from MIL-STD-883) 
call for 100% testing at 25°C followed by sample testing at 
the high and low temperature. Many users duplicate this test 
sequence in their incoming inspection, and some test 100% at 
temperature. 

Testing problems are rarely encountered at low temperatures, if 
care is taken to prevent ice formation on the test socket. At high 
temperature, difficulties may arise because of the difficulty in 
creating a test environment which is representative of the thermal 
conditions found in the system. 

High temperature testing with a controlled ambient temperature is 
very difficult because the thermal coefficient between the pack¬ 
age and the surrounding environment depends on humidity, rate 
of air flow, package color, connections to package pins, and 
position of surrounding devices. For testing purposes, only the 
case temperature can really be controlled. (Most systems’ ther¬ 
mal engineering is also designed to control case temperatures.) 

V. INCOMING INSPECTION AND 
TESTING SUPPORT PRODUCTS 

AMD provides several products to assist in the development of 
incoming inspection testing for most Am2900 LSI devices. See 
the table on the following page for specifics by device. 

Sentry Test Programs 

These are complete data sheet function, DC and AC parameter 
programs. They run on a Fairchild Sentry VII with low voltage test 
heads, 4K local memory and SPM. Complete load board 
documentation is included. Programs are supplied on magnetic 
tape in TDX format. Source files in ASCII code on magnetic tape 
can be provided for those who wish to generate test programs for 
other testers. Test programs require a licensing agreement. 

Correlation Kit 

This consists of two devices and datalog from AMD’s characteri¬ 
zation program. 


*Use a sweep speed of Insec/div. 
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Order Code 

Description 

AM29XX - SEN 
AM29XX- KIT 

Sentry Test Program 
Correlation^it 
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AMD provides Sentry Test Tapes with Loadboard Documenta- Current status of test aids by device is given below. For more 

tion and Correlation Kits to assist in the development of incom- information on testing Am2900 LSI/VLSI, see the note in this 

ing inspection for most Am2900 LSI/VLSI devices. These test section: “Guidelines on Testing Am2900 Family Devices.” 

aids may be ordered directly from Advanced Micro Devices, 
although Sentry test tapes require a pre-signed license agree¬ 
ment. For further ordering information contact your local AMD 

Sales Office or Sales Representative. 



Part 

Number 

Sentry Test Program 
(Am29XXX-SEN) 

(Note 1) 

Correlation Kit 
(Am29XXX-KIT) 

(Note 2) 


Part 

Number 

Sentry Test Program 
(Am29XXX-SEN) 

(Note 1) 

Correlation Kit 
(Am29XXX-KIT) 

(Note 2) 


AM2901B 

/ 

y 

AM2964B 

Mid-1983 

Mid-1983 

AM2901C 

^ ' 

y 

AM2968 

Planned 

Planned 

AM2903 

y 

y 

AM2969 

Planned 

Planned 

AM2903A 

Mid-1983 

Mid-1983 

AM2970 

Planned 

Planned 

AM2904 

y 


AM29112 

Planned 

Planned 

AM2909A 

y 


AM29116 

y 

y 

AM2910 

y 

y 

AM29116A 

Planned 

Planned 

AM2910A 

Planned 

Planned 

AM29118 

Planned 

Planned 

AM2911A 

y 

y 

AM29203 

Mid-1983 

Mid-1983 

AM2914 

y 

y 

AM29501 

Planned 

Planned 

AM2925 

Mid-1983 

Mid-1983 

AM29510 

Planned 

Planned 

AM2930 

y ■ 

y 

AM29516 

Mid-1983 

Mid-1983 

AM2932 

Fall/1983 

Fall/1983 

AM29516A 

Planned 

Planned ^ 

AM2940 

y 

y 

AM29517 

Mid-1983 

Mid-1983 

AM2942 

y 

y 

AM29517A 

Planned 

Planned 

AM2950 

y 

y 

AM29520 

Mid-1983 

Mid-1983 

AM2950A 

Planned 

Planned 

AM29521 

Mid-1983 

Mid-1983 

AM2951 

y 


AM29526 

Planned 

Planned 

AM2951A 

Planned 

Planned 

AM29527 

Planned 

Planned 

AM2952 

y • 


AM29528 

Planned 

Planned 

AM2952A 

Planned 

Planned 

AM29529 

Planned 

Planned 

AM2953 

y 

y 

AM29540 

Planned 

Planned 

AM2953A 

Planned 

Planned 

AM29705 

y 

y 

AM2960 

y 

y 

AM29705A 

Mid-1983 

Mid-1983 

AM2960A 

Planned 

Planned 

AM29707 

Mid-1983 

Mid-1983 


Notes; 1. Sentry Test Programs - these are complete data sheet function, DC and AC parameter programs. They run on a Fairchild Sentry VII with 
low voltage test heads, 4K local memory and SPM. Complete load board documentation is included. Programs are supplied on magnetic 
tape in TDX format. Source files in ASCII code on magnetic tape can be provided for those who wish to generate test programs for other 
Xesters.Testprogramsrequirealicensing agreement. 

2. Correlation Kit - consists of two devices and datalog from AMD’s characterization program. 
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INTRODUCTION 

This report is a comprehensive summary of reliability test data 
accumulated on AMD’s IMOX process. IMOX is an acronym for 
ion-IMplanted/micro-OXide isolation. AMD presently uses this 
wafer fabrication process on all new Bipolar products, including 
Bipolar Memory, Interface, Logic and Microprocessor devices. 
We present not only the statistical data, but also discuss the 
process itself, typical failure mechanisms, and the test 
methodology behind the data. The results show experimental 
and statistical proof that the AMD IMOX process ensures sys¬ 
tem designers of long life and highly reliable Bipolar devices. 

In line with Advanced Micro Devices’ commitment to provide 
customers with high quality, high performance devices, we will 
continue to evaluate devices for reliability through ongoing 
HTOL (high temperature operating life) testing. This report will 
be updated at regular intervals as new reliability data is ac¬ 
cumulated. 

PROCESS 

The IMOX process utilizes ion-implanted transistors, oxide iso¬ 
lation and dual-layer metal to create fast, high performance 
Bipolar devices that consume less power as well. 

IMOX processing allows for reduction of transistor geometries 
and the amount of unused space surrounding a transistor, which 
means that individual transistors can be built significantly smal¬ 



Key: Failure type distribution for STTL/LSI Integrated Circuits 
(data derived from Reliability Analysis Center study, 
“Microcircuit Screening Effectiveness,” 1978-Order No. 
TRS-1, 78). Data based on field failure information 
available to RAC, not life test data. 


Figure 1. Normalized Distributions of STXL/LSI 
Malfunctions 


ler and closer together. Since decreased geometries are ob¬ 
tained without a reduction in photolithographic line width, no 
increase in the process sensitivity occurs. Speed is one of the 
most vital characteristics of a Bipolar device. With the tighter 
layout and reduced capacitances of IMOX processing, we have 
improved.the speed on many devices by as much as 25-30%. 
Tighter layouts have also allowed us to utilize previously una¬ 
vailable die space for increased complexity. This is represented 
in two new AMD Bipolar VLSI devices, the Bipolar Microproces¬ 
sor, Am29116 and the 16 x 16 Parallel Multiplier, Am29517. 

FAILURE MECHANISMS 

Failures in integrated circuits are frequently categorized by the 
phase of manufacturing or the component of the part’s structure 
that is associated with the determined failure mechanism. Fail¬ 
ure distributions often are presented as pie charts with slices of 
the pie named for these categories (see Figures 1 and 2). The 
failure category distribution percentages are roughly those ex¬ 
pected for Bipolar IMOX devices. Each of these categories may 
contain several distinct failure mechanisms-the basic physical 
or chemical process that results in a failure. The external indi¬ 
cators of a failure (the failure mode) are generally electrical in 
nature: opens, shorts, non-functional or parametric anomalies. 
There may be different mechanisms indicated by a single failure 
mode. The following is a discussion of the commonly observed 
failure mechanisms in integrated circuits. 



Key: Failure percentages are averages based on past failure 
analysis studies performed by engineers at AMD. 


Figure 2. AMD Observed Distributions of STTL/LSI 
Malfunctions 
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DIFFUSION 

Diffusion related mechanisms generally cause marginal device 
parameters which effect the performance of the device in cer¬ 
tain operationally extreme situations. Electrical stresses induced 
during operation at elevated temperatures are effective in 
screening marginal diffusion problems. The activation energy 
associated with this general mechanism is difficult to assign 
without knowing more about the exact process, but it can be 
assumed to be 1 .OeV for other than the dielectric breakdown. 

OXIDE 

Oxide related faults can be found in the thermally grown oxide 
regions or in the deposited passivation layers. Defects in the 
latter sometimes lead to chemical attack of the underlying layers 
if corrosive elements are present. Activation energies for these 
types of defects are very large (>1.0eV). Metahto-metal or 
metal-to-semiconductor breakdown can also occur. These are 
often caused by pinholes, contaminants in the oxide or with 
photolithographic defects. Though the time dependence for 
oxide failure is more voltage than temperature related, life-tests 
are effective in electrically stressing oxide imperfections. 

BULK 

Bulk (silicon) defects are those associated with the silicon wafer 
or die itself, such as crystal imperfections, resistivity gradients, 
expitaxial layer defects, dsimage to the die, and foreign material 
percipitates. These defects in themselves do not change with 
time at even the highest die operating temperatures, but they 
can become part of the active region of the device when built-in 
charge changes occur. This failure mode is very rare. Of the 
total failure rate percentage, this type of failure occurs less than 
1% of the time. 

SURFACE 

Ionic contamination inducing inversion and channeling are the 
most frequently detected surface related mechanisms. At ele¬ 
vated temperatures. Ions become mobile in or on the oxide cov¬ 
ering the die. If the device is powered, the ions will be attracted 
to high field regions that exist near reverse biased junctions. 
This accumulation of charge can induce a surface layer (chan¬ 
nel) of a conduction type opposite to that of the adjacent region 
(inversion), i.e., an N-type channel on a P-type region. 
Additional modes of failure are altered parasitic device char¬ 
acteristics, parasitic capacitance and “leaky” bipolar junction 
characteristics. The effects of built-in charge may be very slow 
in appearing, showing up only after many hours under bias at 
elevated temperatures. The activation energy associated with 
charge migration in silicon dioxide has been found to be 0.5 to 
T.OeV. 

METALUZATION 

A familiar mechanism of metallization-related failures is metal 
migration. When high current densities on the order of hundreds 
of thousands of amps per square centimeter occur at elevated 
temperatures, the metal (aluminum) atoms are carried along by 
the electron flow, causing migration of the metallization opposite 
to the direction of current flow which results in wear out. This 
may be in the form of disconnects, breaks, metal lead opens, 
etc. AMD’s design rules for a metallization stripe cross section 
provide for a maximum current density of 200,000 amperes per 
square centimeter, well within the MIL-M-38510 maximum al¬ 
lowable current density for glassivated aluminum conductors. 
The activation energy of electromigration has been determined 
to be 0.5 to 1.0eV. 


Open metallization detected in failed devices may be due to 
metal migration. The high current condition required to cause 
metal migration is often found to be the result of a defective 
circuit element. Photolithographic or masking defects some¬ 
times result in reduction of metallization cross-section which is 
sufficient to allow metal migration to occur. The mechanism by 
which a severely scratch-damaged metal stripe opens in a very 
localized area is probably metal migration. Open or short condi¬ 
tions will be easily detected during internal visual inspection. 
Subtle defects, such as reduced cross-sectional area, can be 
detected by a dynamic life test at high temperature. 

INTERCONNECT, WIREBOND AND 
PACKAGE SEAL/LEAD DEFECTS 

The Interconnect category Includes failures that result from the 
“flying” lead being damaged by nicking, by work-stressing dur¬ 
ing bonding and by handling subsequent to the wirebond opera¬ 
tion. The wirebond category includes all types of bond failures, 
including intermetallic formation. The package seal/lead defect 
category includes hermeticity failures and hermeticity-related 
failures such as corrosion. None of these failure types are found 
In a life-test program. They are controlled by material selection, 
receiving inspection and extensive control of the assembly pro¬ 
cess. The success at these controls is verified by examining the 
results of quality conformance testing for military and “Hi-Re!” 
customers, specifically, the group B and group D tests (MIL- 
STD-883, method 5005). The group B test (lot acceptance test) 
includes a wirebond strength test. The group D test is a pure- 
package quality conformance test and includes tests for lead 
Integrity, resistance to thermal shock, temperature cycling, 
moisture resistance, mechanical shock, vibration, centrifuge, 
and salt atmosphere exposure. Group B and D testing is 
periodically performed by AMD and is available for inspection. 


ACCELERATED TESTING 

Semiconductor devices fail as a consequence of certain physi¬ 
cal, metallurgical and chemical processes, all of which have 
temperature-dependent rates. The rates may also be potential 
or current dependent, but these dependencies are generally 
second-order effects. Users of electronic components are 
aware of the thermal effect and have frequently borrowed the 
organic chemist’s rule of thumb, that reaction rates double for a 
10°C temperature rise, to estimate the effects of high tempera¬ 
ture life testing. This procedure does not provide the proper 
acceleration factor if applied for more than a decade or two of 
temperature and is quite inaccurate in estimating a 70°C 
equivalence for a 125°C life test. 

For most processes causing semiconductor failures, the Ar¬ 
rhenius equation enables us to determine realistic failure rates. 
Temperature variations and their corresponding reaction rates 
can also be calculated for semiconductor devices. The following 
equation can be used over the entire temperature range: 

\(T) = Ciexp(-Ea/KT) 
where: 

X(T) = device failure rate (temperature-dependent) 

T = absolute temperature (°K) 

K = Boltzmann’s constant (8.62 x 10~5eV/°K) 

Eg = activation energy of the individual device failure 
mechanisms (eV) 

Cl = a constant 
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The temperatures used are junction temperatures, and the abil¬ 
ity to use higher temperatures to achieve acceleration is con¬ 
strained by the maximum permissible junction temperature 
under bias. Junction temperatures can be computed using 
power dissipation and package thermal characteristics. The fol¬ 
lowing equation shows how those temperatures were derived: 

Tj = Ta + fijA [OCC^J (Vgc^J] 

To determine the acceleration factor for temperature, T 2 , with 
reference to another temperature, Ti, simply divide the failure 
rate equations for the two temperatures: 



where: 

A.F. = acceleration factor 

A(Ti )/\(T 2 ) = ratio of reaction rates (failure) 

This equation contains one constant whose value is not known 
from physical theory: the activation energy, Eg. Activation 
energy reflects the temperature dependence of a particular 
failure mechanism or group of mechanisms. It has been deter¬ 
mined experimentally for some specific processes. Various in¬ 
vestigators disagree as to the exact value of Eg because such 
experiments are difficult to conduct and spurious failures occur 
to cloud the results. Table 1 shows the range of these values as 
determined by experimentation. 


TABLET 

ACTIVATION ENERGIES FOR CERTAIN PROCESSES 


Surface Contamination 

1.2-1.40eV 

Electromigration 

0.5-1.00eV 

Oxide Defects (dielectric breakdown) 

0.3-0.40eV 

Corrosion 

0.3-0.60eV 

Intermetallic Growth (gold aluminum) 

1.0-1.05eV 

Slow Trapping 

1.30eV 


RELIABILITY TEST STUDY 

The approach used in this report for evaluating reliability in¬ 
volves the concept of failure rates as a function of time. Life 
expectancy of devices can be categorized into three distinct 
intervals: 

a. Infant Mortality 

b. Operating Range 

c. Old Age Mortality 


An example of this distribution is shown in Figure 4. The results 
of this stucjy are from long-term life tests. These tests are per¬ 
formed for 1000 hours or more without an initial burn-in. There¬ 
fore, “Infant Mortalities” are included in the failure rates of the 
units tested. With the inclusion of a burn-in process, the failure 
rates of the IMOX devices are expected to be less than the 
failure rates calculated in this report. 



400 300 200 100 70 50 25 0 °C 


TEST OR OPERATION TEMPERATURE 

An Arrhenius plot may be used to predict the effect of 
temperature shift for a particular population at a given average 
activation energy. This plot has been set up around a 1000-hour 
test at 125°C for two activation energies, 1.0eV and 0.466eV. 
Equivalent test times of other temperatures may be determined 
for either a I.OeV or a 0.466eV process. For example, an 
equivalent test time for 0.466eV at any temperature may be 
determined by simply picking an appropriate temperature and 
reading the number of hours corresponding to the intersection of 
the temperature and the 0.466eV line. 


Figure 3. Arrhenius Plot 



Figure 4. Life Expectancy of Devices 
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Table 2 shows that units were subjected to HTOL (High Temp¬ 
erature Operating Life) testing at 125°C and 150°C per MIL- 
STD-883, method 1005 and 1015, conditions C and D. For an 
example of ah HTOL circuit, see Figure 5. Data was collected on 
the SN54LS374A and the Am27S184/l85 (cerdip and plastic) 
devices. The testing yielded 10,864,000 device hours worth of 
data. In total, 20 failures were recorded Indicating a failure rate 
range (at 60% confidence level) of 0.183-0.50 per 1000 hours 
at 125°C using the chi-squared distribution. 

This table also includes corresponding calculated failure rates at 
lower temperatures using an activation energy level of I.OeV. 
The failure rate for the IMOX processed SN64LS374A is less 
than .0025% per Khr at 70^0 (cerdip) and less than .0045 per 
Khr at 70°C (plastic). The failure rate for the Am27S184/185 is 
less than .0120 per Khr. The lower temperatures (70°C and 
25°C) are chosen to give users reliability predictions at the high 
end of the commercial operating temperature range and at the 
average “room temperature” operating temperature of a com¬ 
mercial system. 

Other IMOX Bipolar devices which are presently undergoing 
HTOL testing are: Am2901C, Am29116 and Am29516. After re¬ 
cently completing 1000 cumulative hours of dynamic life testing 
(condition D) at 125°C, the 94-plece lot of Am2901C’s resulted in 
a zero reject rate. Preliminary data has been gathered on each 
device type. At this time, statistically calculated rates would not 
accurately reflect the products’ failure rate. After further testing 
is complete, failure rates will be calculated for each product and 
supplied in an addendum to this report. 

SUMMARY 

This report summarizes the actual reliability testing of AMD’s 
proprietary process, IMOX. The statistical data and charts are 
presented to provide accurate comparative information. The 
demonstrated failure rates of the devices at 70°C reflect the high 
reliability of IMOX processed products. The design rules for 
IMOX processing are the same for ail Bipolar products. There¬ 
fore, similar testing performed on other Bipolar devices, i.e., 
Am29116, would also result in very low failure rates as seen in 
this study. 


Analysis of the various failures have shown that the device 
failures were of a random mode and their degree of occurrence 
was inconsistent. No inherent process failure mechanism has 
been found in the IMOX process. In conclusion, IMOX is the 
superior method for Bipolar wafer fabrication and for building 
high reliability into AMD devices. 



POWER SUPPLY SETTINGS 


Supply No. 

Signal 

Voltage 

1 

Vbb 

+5.0V± 

2 

Vcc 

+5.0V ± 


Conditions: 1. Pin 10: Device Ground 

2. Pin 11: CPi - lOOKHz ± 10% 
High levels: +3.0V to + 5.0V 
Low levels: -0.2V to -1.2V 

MIL-STD-883 Method 1015 Condition C 
C- Steady state, power and reverse bias, 
inputs reverse biased. 

This circuit was used for testing the SN54LS374A. 


Figure 5. HTOL Circuit Configuration 


TABLE 2. IMOX RELIABILITY OPERATING LIFE TEST DATA SUMMARY 


Device 

Number 
of Units 

Device 

Khrs 

Number 
of Rejects 

%Fail 

Per Khr 




Fits 



54LS374A 










Cerdip 

1435 

6856 

11 

0.160 

0.183 

0.002 

.00001 

17 

0.1 

Plastic 

1110 

3825 

9 

0.235 

0.274 

0.003 

.000015 

26 

0.15 

27S184/185 

263 

183 

0 

0 

0.50 

0.0046 

.000028 

46 

0.28 

29116 




Life Test in Progress 





29516 




Life Test in Progress 





IMOX Total 

2808 

10864 

20 

0.184 

0.20 

0.0018 

.0000114 

18 

0.114 


Notes: 1. All calculated failure rates and Fits Nos. use the Arrhenius Equation with I.OVeV activation energy. 
2. Fits = Failure in 10^ hrs at 70X and 25°C using a 60% confidence level. 
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Gate Counts and Die Sizes 
by Device 

The following data is useful for hybrid design and for MIL-STD reliability calculations. The gate counts are only an approximation for LSI 
devices because the circuit implementation often uses multi-level gates and unique logic structures, not just NAND and NOR gates. 


Am25S/25LS 


Part Number 

Equivalent Number of Gates 
(Approximate) 

Die Area 

(in Mlls2 = .001 X .001 In.) 

Die Dimensions 
(in Mils = .001 in.) 

AM25S05 

86 

9680 

88x110 

AM25LS07 

26 

6300 

75x84 

AM25S07 

26 

5810 

70x83 

AM25LS08 

18 

4575 

75x61 

AM25S08 

18 

4891 

67x73 

AM25LS09 

30 

4575 

75x61 

AM25S09 

30 

4891 

67x73 

AM25S10 

29 

3696 

56x66 

AM25LS14 

Replaced by Am25LS14A | 

AM25LS14A 

167 

7980 

84x95 

AM25LS15 

92 

9025 

95 X 95 

AM25S18 , 

30 

6083 

77x79 

AM25LS22 

82 

10,752 

96x112 

AM25LS23 

88 

10,752 

96x112 

AM25S557 

1115 

28,215 

171 X 165 

AM25S558 

1115 

28,215 

171 X 165 

AM25LS2513 

33 

6970 

82x85 

AM25LS2517 

89 

9828 

91x108 

AM25LS2518 

30 

8217 

83 X 99 

AM25LS2519 

59 

8217 

83 X 99 

AM25LS2520 

84 

8880 

80x111 

AM25LS2521 

26 

4662 

63x74 

AM25LS2535 

52 

, 

7920 

80x99 

AM25LS2536 

66 

8316 

84 x 99 

AM25LS2537 

42 

7776 

81x96 

AM25LS2538 

34 

- ... 1 

7776 

81x96 

AM25LS2539 

38 

7776 

81 x96 

AM25LS2548 

18 

7776 

81 x96 

AM25LS2568 

87 

8549 

87x103 

AM25LS2569 

79 

8549 

87x103 
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Gate Counts and Die Sizes 
Am26S/26LSt 


Part Number 

Equivalent Nuniber of Gates 
(Approximate) 

Die Area 

(in Mlls2 = .001 X .001 in.) 

Die Dimensions 
(in Mils = .001 in.) 

AM26S02 

N/A 

4402 

62x71 

AM26S10 

9 

4425 

59x75 

AM26S11 

13 

4425 

59x75 

AM26S12 

9 

5112 

71x72 

AM26S12A 

9 

5112 

71x72 

AM26LS27 

In development 

AM26LS28 

In development 

AM26LS29 

6 

6580 

70x94 

AM26LS30 

6 

6580 

70x94 

AM26LS31 

10 

5628 

67x84 

AM26LS32 

6 

4704 

56x84 

AM26LS32B 

6 

4704 

56x84 

AM26LS33 

6 

4704 

56x84 

AM26LS34 

6 

4704 

56x84 

AM26LS38 

72 

6208 

64x97 


■N 


Am2900 


Part Number 

Equivalent Number of Gates 
(Approximate) 

Die Area 

(in Mils2 = .001 x .001 in.) 

Die Dimensions 
(in Mils = .001 in.) 

AM2901 

Replaced by Am2901B and Am2901C 

AM2901A 

Replaced by Am2901B and Am2901C 

AM2901B 

538 

14,976 

117x128 

AM2901C 

550 

15,990 

130x123 

AM2902 

Replaced by Am2902A j 

AM2902A 

19 

4154 

62x67 

AM2903 

630 

32,111 

163x197 

AM2903A 

752 

36,808 

172x214 

AM2904 

283 

22,540 

140x161 

AM2905 

49 

10,400 

80x130 

AM2906 

56 

10,400 

80x130 

AM2907 

52 

9064 

88x103 

AM2908 

52 

9064 

88x103 

AM2909 

Replaced by Am2909A | 

AM2909A 

225 

6831 

69x99 

AM2910 

736 

32,980 

170x194 

AM2910A 

In development 

AM2911 

Replaced by Am2911A 

AM2911A 

221 

6664 

68 X 98 

AM2912 

9 

4425 

59x75 

AM2913 

33 

6970 

82x85 

AM2914 

335 

24,871 

133X187 

AM2915A 

49 

9620 

74x130 

AM2916A 

56 

9620 

74x130 

AM2917A 

52 

9620 

74x130 

AM2918 

30 

6083 

77x79 
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Gate Counts and Die Sizes 


Am2900(Cont.) 


Part Number 

Equivalent Number of Gates 
(Approximate) 

Die Area 

(in Mil82 = .001x.001 in.) 

Die Dimensions 
(in Mils = .001 in.) 

AM29LS18 

30 

8217 

83 X 99 

AM2919 

59 

8217 

83 X 99 

AM2920 

84 

8880 

80x111 

AM2921 

34 

7776 

81x96 

AM2922 

52 

7920 

80x99 

AM2923 

18 

4288 

64x67 

AM2924 

17 

4550 

65x70 

AM2925 

120 

11,834 

97x122 

AM2926 

10 

5278 

58x91 

AM2927 

72 

12,096 

87x144 

AM2928 

95 

12,096 

87x144 

AM2929 

10 

5278 

58 X 91 

AM2930 

548 

26,600 

133x200 

AM2932 

521 

26,600 

133x200 

AM2940 

415 

32,037 

177x181 

AM2942 

415 

32,037 

177x181 

AM2946 

18 

6141 

69x89 

AM2947 

18 

6141 

69x89 

AM2948 

18 

6141 

69x89 

AM2949 

18 

6141 

69x89 

AM2950 

175 

14,766 

107x138 

AM2950A 

In development | 

AM2951 

__ 1 

14,766 

107x138 

AM2951A 

In development | 

AM2952 

102 

14,873 

107x139 

AM2952A 

In development | 

AM2953 

102 

14,873 

107x139 

AM2953A 

In development | 

AM2954 

50 

7968 

96x83 

AM2955 

50 

7968 

96x83 

AM2956 

50 

7854 

66x119 

AM2957 

50 

7854 

66x119 

AM2958 

10 

5369 

59x91 

AM2959 

10 

5369 

59x91 

AM2960 

450 

13,056 

102x128 

AM2960A 

In development | 

AM2961 

82 

8874 

102x87 

AM2962 

74 

8874 

102x87 

AM2964B 

170 

22,308 

156x143 

AM2965 

10 

5640 

94x60 

AM2966 

10 

6640 

94x60 

AM2968 

In development 

AM2969 

In development 

AM2970 

In development 

AM29112 

In development 

AM29116 

2500 

78,061 

251x311 

AM29116A 

In development | 
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Gate Counts and Die Sizes 
Am2900 (Coni) 


Part Number 

Equivalent Number of Gates 
(Approximate) 

Die Area 

(in Mils2 = .001 x .001 in.) 

Die Dimensions 
(in Mils = .001 In.) 

AM29203 

752 

36,808 

172x214 

AM29501 

1000 

64,158 

289x222 

AM29510 

In development | 

AM29516 

2100 

55,500 

250x222 

AM29516A 

In development | 

AM29517 

2100 

55,500 

250 X 222 

AM29517A 

In development | 

AM29520 

362 

15,327 

117x131 

AM29521 

362 

15,327 

117x131 

AM29526 

N/A 

N/A 

N/A 

AM29527 

N/A 

N/A 

N/A 

AM29528 

N/A 

N/A 

N/A 

AM29529 

N/A 

N/A 

N/A 

AM29540 

1125 

N/A 

N/A 

AM29705 

258 

13,056 

102x128 

AM29705A 

206 

9984 

104x96 

AM29707 

207 

9984 

104x96 

AM29803A 

N/A 

N/A 

N/A 

AM29806 

42 

6468 

66x98 

AM29809 

42 

6468 

66x98 

AM29811A 

N/A 

N/A 

N/A 

AM29818 

152 

11,328 

96x118 

AM29821 

72 

5376 

64x84 

AM29822 

72 

5376 

64 X 84 

AM29823 

68 

' 5376 

64x84 

AM29824 

68 

5376 

64x84 

AM29825 

61 

5376 

64x84 

AM29826 

61 

5376 

64 X 84 

AM29827 

11 

N/A 

N/A 

AM29828 

11 

N/A 

N/A 

AM29833 

In development 

AM29834 

In development 

AM29841 

52 

5376 

84 X 64 

AM29842 

52 

5376 

84 X 64 

AM29843 

49 

5376 

84x64 

AM29844 

49 

5376 

84x64 

AM29845 

44 

5376 

84x64 

AM29846 

44 

’ 5376 

84 X 64 

AM29853 

In development 

AM29854 

In development 

AM29861 

22 

N/A 

N/A 

AM29862 

22 

N/A 

N/A 

AM29863 

20 

N/A 

N/A 

AM29864 

20 

N/A 

N/A 
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Gate Counts and Die Sizes 


8XXX MOS MPU Support 


Part Number 

Equivalent Number of Gates 
(Approximate) 

Die Area 

(in Mils2 = .001 X .001 in.) 

Die Dimensions 
(in Mils = .001 in.) 

AM8120 

84 

8880 

80x111 

AM8127 

135 

8624 

98x88 

AM8163 

350 

28,860 

185x156 

AM8167 

350 

28,860 

185x156 

AM8212 

N/A 

10,192 

91x112 

AM8216 

10 

5940 

66 X 90 

AM8224 

47 

7140 

85x84 

AM8226 

10 

5940 

66x90 

AM8228 

N/A 

14,960 

110x136 

AM8238 

N/A 

14,960 

110x136 
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Package Material 
Configurations 



Multilayer Ceramic 

Ceramic 




Brazed Packages 

Chip Carrier 

Cerdip 

Plastic 

Package Body Material 

90% Alumina (Min) 

90% Alumina (Min) 

90% Alumina (Min) 

Novolac Epoxy 

Die Attach Pad Metallization 

Gold 

Gold 

Gold 

Silver 

Palladium 

Gold 

Silver 

Die Attach Material 

Gold/Silicon 

Gold/Silicon 

Gold/ 

Silicon 

Gold 

Gold/ 

Silicon 

Silver 

Epoxy 

Die Attach Temperature 

440°C Max 

440°C Max 

440“C Max 

440°C Max 

200°C 

(Curing Temp) 

Bond Finger Metallization i 

Gold I 

Gold 

Aluminum 

Gold or Silver 

Bonding Wire 

Aluminum/1 % Silicon 

Aluminum/1 % Silicon 

Aluminum/1 % Silicon 

Gold 

Bonding Method 

Ultrasonic 

Ultrasonic 

Ultrasonic 

Ball-bonding 

Seal Ring Metallization 

Gold 

Gold 

None 

N/A 

Seal Material 

Gold/Tin 

Lead/Tin/ 

Silver 

Gold/Tin 

Vitreous Glass ! 

N/A 

Lid Material 

Alloy 42 
(Gold Plated) 

Alloy 42 

Tin Plated 

Alloy 42 (Gold Plated) 

90% Alumina (Min) 

N/A 

Seal Temperature 

370°C Max 

370°C Max 

470°C Max 

175“CMax 
(Mold Temperature) 

Seal Ambient 

Nitrogen 

Nitrogen 

Air 

N/A 

Lead Material 

Alloy 42 

N/A 

Alloy 42 

1 Alloy 42 

1 Copper 

Lead Finish 

Gold 

Tin 

N/A 

Tin 

Solder 
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Thermal Characterization of 
Packaged Devices 

AMD Technical Report TR-202 
by J.L. HaywartI 


DEFINITION OF THERMAL RESISTANCE 

The reliability of an integrated circuit is largely dependent on the 
maximum temperature which the device will attain during opera¬ 
tion. Because the stability of a semiconductor junction declines 
with increasing temperature, knowledge of the thermal proper¬ 
ties of the packaged device becomes an important factor during 
device design. In order to Increase the operating lifetime of a 
given device, the junction temperatures must be minimized. This 
demands knowledge of the thermal resistance of the completed 
assembly and specification of the conditions in which the device 
will function properly. As devices become both smaller and more 
complex and the requirement for high speed operation becomes 
more important, heat dissipation will become an ever more 
critical parameter. 

Thermal resistance is defined as the temperature rise per unit 
power dissipation above some referenced condition. The unit of 
measure is typically °C/watt. The relationship between junction 
temperature and thermal resistance is given by: 

Tj = Tx + PdR^JX (1) 

where Tj = junction temperature 

Tx = reference temperature 

Pd = power dissipation 

R^JX = thermal resistance 

X = some defined test condition. 

In general, one of three conditions is defined for measurement of 
thermal resistance: 

R0JC ~ thermal resistance measured with reference to 

the temperature at some specified point on the 
package surface. 

R^JA - thermal resistance measured with respect 

(still air) to the temperature of a specified volume of 

still air. 

ReJA ” thermal resistance measured with respect to 

(moving air) the temperature of air moving at a specified 
velocity. 

The relationship between R^jc and R,yjA is 
R^ja = R0JC + RecA 

where R^ca's a measure of the heat dissipation due to natural 
convection (still' air) or forced convection (moving air) and the 
effect of heat radiation and mounting techniques. R^jc is de¬ 
pendent solely on material properties and package geometry; 
R^JA includes the influence of the surface area of the package 
and environmental conditions. Each of these definitions of ther¬ 
mal resistance is an attempt to simulate some manner in which 
the package device may be used. 

The thermal resistance of a packaged device, however mea¬ 
sured, is a summation of the thermal resistances of the Indi¬ 
vidual components of the assembly. These in turn are functions 
of the thermal conductivity of the component materials and the 
geometry of the heat flow paths. Like other material properties, 
thermal conductivity Is usually temperature dependent. For 


alumina and silicon, two common package materials, this de¬ 
pendence can amount to a 30% variation in thermal conductivity 
•over the operating temperature range of the device. The thermal 
resistance of a component is given by 
L 


Re- 


K(T)A 


( 2 ) 


where L = length of the heat flow path 

A = cross sectional area of the heat flow path 
K(T) = thermal conductivity as a function of 
temperature 

and the overall thermal resistance of the assembly (discounting 
convective effects) will be: 

R» = 2Ren = 2 ^ 

KnA 

But since the heat flow path through a component is influenced 
by the materials surrounding it, determination of L and A is Hot 
always straightforward. 

A second factor that effects the thermal resistance of a pack¬ 
aged device is the power dissipation level and, more particu¬ 
larly, the relationship between power level and die geometry, 
I.e., power distribution and power density. By rearrangement of 
equation 1 to 


Pd= ^(Tj-Tx)= :^(Tj- 
R<yJX SR^n 


(3) 


the relationship between and Tj can be more clearly seen. 
Thus, to dissipate a greater quantity of heat for a given 
geometry, Tj must increase and, since the individual R^n will 
also increase with temperature, the increase in Tj will not be a 
linear function of increasing power levels. 

A third factor of concern is the quality of the material interfaces. 
In terms of package construction, this relates specifically to the 
die attach bond, and for those packages having a heatsink, the 
heatsink attach bond. The quality of the die attach bond will most 
severely influence the package thermal resistance as this is the 
area which first impedes the transfer of heat out of the silicon 
die. Indeed, it seems likely that the initial thermal response of a 
powered device can be directly related to the quality of the die 
attach bond. 

EXPERIMENTAL METHOD 

The technique for measurement of thermal resistance involves 
the identification of a temperature-sensitive parameter on the 
device and monitoring this parameter while the device is pow¬ 
ered. For bipolar integrated circuits the forward voltage of the 
substrate isolation diode provides a convenient parameter to 
measure and has the advantage of a linear dependence on 
temperature. MQS devices which do not have an accessible 
substrate diode present greater measurement difficulties and 
may require simulation through use of a specially designed 
thermal test die. Choice of the parameter to be measured must 
be made with some care to insure that the results of the mea¬ 
surement are truly representative of the thermal state of the 
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Thermal Characteristics of Packaged Devices 


device being investigated thus measurement of the substrate 
isolation diode which is generally diffused across the area of the 
die yields a weighted average of the condition of the individual 
junctions across the die surface. Measurement of a more local 
source would yield a less generalized result. .«• 

For those MOS devices for which no useful parameter is avail¬ 
able, simulation is accomplished using the thermal test die. The 
basis for this test die is a 25 mil square cell containing an iso¬ 
lated diode and a IKO resistor. The resistors are interconnected 
from cell to cell on the wafer before it is cut Into multiple arrays of 
the basic unit cell. In use the device is powered via the resistors 
with voltage or current adjusted for the proper level and the 
voltage drop of the individual diodes is monitored as in the case 
of actual devices. 

Prior to the thermal resistance test, the diode voltage/ 
temperature calibration must be determined. This is done by 
measuring the forward voltage at 1mA current level at two differ¬ 
ent temperatures. The diode calibration factor is then: 

Kf= ^ 

V2 - Vi AV 

in units of °C/mV. For most diodes used for this test the 
voltage/temperature relationship is linear and these two mea¬ 
surement points are sufficient to determine the calibration. 

The actual thermal resistance measurement has two alternating 
phases: measurement and power on. (See Figure 1.) The de¬ 
vice under test is pulse powered with an ON duty cycle of 99% 
and a repetition rate of <100Hz. During the brief OFF states the 
device Is reverse-biased with a 1mA current and the voltage 


drop is measured. The series of voltage readings are averaged 
over short periods and compared to the voltage reading ob¬ 
tained before the device was first powered ON. The thermal 
resistance Is then computed as; 

R^JX= = Mi 

Vh Ih Pd 

where Kf = calibration factor 

Vj = initial fon/vard voltage value 
Vf = current forward voltage value 
Vh = heating voltage 
Ih = heating current 

The pulsing measurement is continued until the device has 
reached thermal equilibrium and the final value measured is the 
equilibrium thermal resistance of the device under test. 

When the end result desired is R^ja (still air), the device and the 
test fixture (typically a standard burn-in socket) are enclosed in 
a box containing approximately 1 cubic foot of air. For R^jc 
measurements the device is attached to a large metal heatsink. 
This insures that the reference point on the device surface is 
maintained at a constant temperature. Through the use of heat¬ 
ers attached to the metal fixture, the “case” temperature may be 
maintained at any specified value above ambient. The require¬ 
ments for measurement of R^ja (moving air) are rather more 
complex. They involve the use of a small wind tunnel with capa¬ 
bility for monitoring air pressure, temperature and velocity in the 
area immediately surrounding the device tested. Standardiza¬ 
tion of this last test requires much careful attention. 


Figure 1. Waveforms for Pulsed Thermal Resistance Test 



Vh 


_^_( 
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THERMAL CHARACTERIZATION DATA FOR CERDIPS^ THERMAL CHARACTERIZATION DATA FOR 

SIDE-BRAZE AND TOP-BRAZE PACKAGES 


Lead 

Count 

Width 

(Inches) 

Approximate 
R^ja Range 

rc/w) 

Approximate 
R^jC Range 
(X/W) 

16 

0.300 

66-89 

22 

20 

0.300 

68-78 

N/A 

24 

0.300 

55-57 

13-14 

24 

0.600 

49 

11 

28 

0.600 

29 

N/A 

40 

0.600 

36-37 

7-9 


Lead 

Count 

Type 

Approximate 
R^ja Range 
(X/W) 

Approximate 
RflJC Range 
(X/W) 

40 

Side-Braze 

27-35 

6-7 

48 

Side-Braze 

37 

10 

52 

Top-Braze with 
Heat-Spreader 

19 

4 

64 

Top-Braze with 
Heat-Spreader 

20 j 

7 


THERMAL CHARACTERIZATION DATA FOR PLASTIC DIPs^ 


— 

Lead 

Count 

Width 

(Inches) 

Approximate 
R^ja Range 
(X/W) 

Approximate 
R^JC Range 
(X/W) 

16 

0.300 

110* 

N/A 

20 

0.300 

81-123* 

32* 

24 

0.600 

99-115* 

43-57* 

28 

0.600 

85* 

N/A 

40 

0.600 

62-73* 

27-34* 


*ln 1983 AMD will be introducing copper-lead-frame versions of 
all plastic packages. The copper-lead-frame versions will have 
better thermal characteristics than the current plastic packages 
measured above. 


THERMAL CHARACTERIZATION DATA FOR 
LEADLESS CHIP CARRIERS (JEDEC TYPE 0 )^ 


Lead 

Count 

Approximate R^ja 
R ange (X/W) 

Approximate R^jc 
Range (X/W) 

20 

66-72* 

N/A 

28 

69* 

N/A 

44 

52-57* 

N/A 

52 

44* 

N/A 


*The R^ja values listed for leadless chip carriers were measured with 
the chip carriers mounted in the appropriate burn-in sockets. This 
restricts convection of heat from the package and results in d values 
higher than might be expected in actual use. 


THERMAL CHARACTERIZATION DATA FOR 
CERPAKS AND FLATPACKSi 


Lead 

Count 

Type 

Approximate 
R^JA Range 
(X/W) 

Approximate 
RgjC Range 
(X/W) 

16 

Cerpak 

113-159 

10-17 

20 

Cerpak 

119 

N/A 

24 

Cerpak 

99 

8 

42 

Brazed 

Flatpack 

63 

8 


Note: 1. This data, while derived from actual measurements done on specific packaged devices, is only approximate and cannot be guaranteed 
because of the wide variation of die sizes and device power levels. 
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Package Outlines 


METAL CAN PACKAGES 
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Note. Standard lead finish is bright acid tin plate or gold plate. 






PACKAGE OUTLINES (Cont.) 

MOLDED DUAL IN-UNE PACKAGES (Cont.) 
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Note. Standard lead finish is tin plate or solder dip. 
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PACKAGE OUTLINES (Cont.) 


HERMETIC DUAL IN-LINE PACKAGES (Cont.) 
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PACKAGE OUTLINES (Cont.) 
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PACKAGE OUTLINES (Cont.) 














PACKAGE OUTLINES (Cont.) 
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Ordering Information 


All Advanced Micro Devices’ products listed are stocked locally and distributed nationally by Franchised Distributors. See back of this 
book for the location nearest you. Please consult them for the latest price revisions. For direct factory orders, call local AMD Sales 
Office or Sales Representative. See the back of this book for the location nearest you. 

Minimum Order 

The minimum direct factory order is $100.00 for a standard product. 

The minimum direct factory order for Class B, burned-in, product is $250.00. 

Proprietary Product Ordering, Package and Temperature Range Codes 

The following scheme is used to identify Advanced Micro Devices’ proprietary products. 


Am29517PC-B 



Device Package Temperature Additional 

Type Style Range Processing 


Package Style Temperature Range 


Additional Processing 


D = Hermetic DIP C = Commercial 

F = Flat Package 0°C to -t-70°C 

P = Molded DIP M = Military 

L = Leadless Chip Carrier -55°C to -i-125°C 

X = Dice 


B = Burn-in (Signifies full MIL-STD-883 
Class B product for military temperature 
range devices) 


Second Source Product Ordering, Package and Temperature Range Codes 

An order number and marking system identical to the original manufacturer's is used for the Advanced Micro Devices' 
pin-for-pin and electrically equivalent circuit. 

The following example Is the ordering scheme for Advanced Micro Deylces' second source to Texas Instruments' products. 


SN74 S374 N-B 



Temperature 

Range 


Device 

Type 



Package Style Temperature Range 


Additional Processing 


sJ = Hermetic DIP 74 = Commercial 

N = Molded DIP 0°C to -h70°C 

W = Flat Package 54 = Military 

X = Dice -55°C to -f-125°C 


B = Burn-in (Signifies full MIL-STD-883 
Class B product for military temperature 
range devices) 
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World-Wide 

Sales 

Offices 


Advanced 

Micro 

Devices 


a 


Advanced Micro Devices maintains a network of representatives and distributors in the U.S. and 
around the world. For a sales agent nearest you, call one of the AMD offices listed below. 


U.S. AND CANADIAN SALES OFFICES 


SOUTHWEST AREA 

Advanced Micro Devices 

360 N. Sepulveda, Suite 2075 
El Segundo, California 90245 
Tel: (213)640-3210 

Advanced Micro Devices 

10050 N. 25th Street 
Suite 235 

Phoenix, Arizona 85021 
Tel; (602)242-4400 

Advanced Micro Devices 

4000 MacArthur Boulevard 
Suite 5000 

Newport Beach, California 92660 
Tel: (714) 752-6262 

Advanced Micro Devices 

5955 De Soto Avenue, Suite 241 
Woodland Hills, California 91367 
Tel: (213)992-4155 
Advanced Micro Devices 
9455 Ridgehaven Court 
Suite 230 

San Diego, California 92123 
Tel: (619)560-7030 


NORTHWEST AREA 

Advanced Micro Devices 

2700 Augustine Drive, Suite 109 
Santa Clara, California 95051 
Tel: (408)727-1300 

Advanced Micro Devices 

1873 South Bellaire Street 
Suite 920 

Denver, Colorado 80222 
Tel; (303)691-5100 


NORTHWEST AREA (Cont.) 

Advanced Micro Devices 

One Lincoln Center, Suite 230 
10300 Southwest Gfeenburg Road 
Portland, Oregon 97223 
Tel: (503)245-0080 

Advanced Micro Devices 

Honeywell Ctr., Suite 1002 
600 108th Avenue N.E. 

Bellevue, Washington 98004 
Tel: (206)455-3600 


MID-AMERICA AREA 

Advanced Micro Devices 

500 Park Boulevard, Suite 940 
Itasca, Illinois 60143 
Tel: (312)773-4422 

Advanced Micro Devices 

9900 Bren Road East, Suite 601 
Minnetonka, Minnesota 55343 
Tel: (612)938-0001 

Advanced Micro Devices 

3592 Corporate Drive, Suite 108 
Columbus, Ohio 43229 
Tel: (614)891-6455 

Advanced Micro Devices 

8240 MoPac Expressway 
Two Park North, Suite 385 
Austin, Texas 78759 
Tel: (512)346-7830 

Advanced Micro Devices 

6750 LBJ Freeway, Suite 1160 
Dallas, Texas 75240 
Tel: (214)934-9099 


MID-ATLANTIC AREA 

Advanced Micro Devices 

40 Crossways Park Way 
Woodbury, New York 11797 
Tel: (516)364-8020 

Advanced Micro Devices 

290 Elwood Davis Road 
Suite 316 

Liverpool, New York 13088 
Tel: (315)457-5400 

Advanced Micro Devices 

2 Kilmer Road 

Edison, New Jersey 08817 

Tei; (201)985-6800 

Advanced Micro Devices 

107 Lakeside Drive 
Horsham, Pennsylvania 19044 
Tel: (215)441-8210 
TWX: 510-665-7572 

Advanced Micro Devices 

205 South Avenue 
Poughkeepsie, New York 12601 
Tel: (914)471-8180 
TWX: 510-248-4219 

NORTHEAST AREA 

Advanced Micro Devices 

6 New England Executive Park 
Burlington, Massachusetts 01803 
Tel: (617)273-3970 

Advanced Micro Devices (Canada) 

2 Sheppard Avenue East 
SMite 1610 
Willowdale, Ontario 
Canada M2N5Y7 
Tel: (416)224-5193 


SOUTHEAST AREA 

Advanced Micro Devices 

Parkway Center 
One Parkway Drive Building 
7257 Parkway Drive, Suite 204 
Dorsey, Maryland 21076 
Tel: (301)796-9310 

Advanced Micro Devices 

7850 Ulmerton Road, Suite 1A 
Largo, Florida 33541 
Tel: (813)535-9811 

Advanced Micro Devices 

4740 North State Road #7 
Suite 102 

Ft. Lauderdale, Florida 33319 
Tel: (305)484-8600 

Advanced Micro Devices 

6755 Peachtree Industrial Boulevard 
Suite 104 

Atlanta, Georgia 30360 
Tel: (404)449-7920 

Advanced Micro Devices 

8 Woodlawn Green, Suite 220 
Woodlawn Road 
Charlotte, North Carolina 28210 
Tel; (704)525-1875 


Ltd. 


INTERNATIONAL SALES OFFICES 


BELGIUM 

Advanced Micro Devices 

Overseas Corporation 
Avenue de Tervueren, 412, bte 9 
B-1150 Bruxelles 
Tel: (02)771 99 93 
TELEX; 61028 

PRANCE 

Advanced Micro Devices, S.A. 

Silic 314, Immeuble Helsinki 
74, rue d’Arcueil 
F-94588 Rungis Cedex 
T6i: (01)687.36.66 
TELEX: 202053 


GERMANY 

Advanced Micro Devices GmbH 

RosenheimerStr. 139 
D-8000 Muenchen 80 
Tel: (089)4019 76 
TELEX: 05-23883 

Advanced Micro Devices GmbH 

Harthaeuser Hauptstrasse 4 
D-7024 Filderstadt3 
Tel; (07158)30 60 
TELEX: 07-21211 

Advanced Micro Devices GmbH 

Zur Worth 6 
D-3108 Winsen/Aller 
Tel: (05143)53 62 
TELEX: 925287 


HONG KONG 
Advanced Micro Devices 

1303 World Commerce Centre 
Harbour City 
11 Canton Road 
Tsimshatsui, Kowloon 
Tel: (852)3 695377 
TELEX: 50426 

ITALY 

Advanced Micro Devices S.r.L. 

Centro Direzionale 
Palazzo Vasari, 3° Piano 
1-20090 MI2 - Segrate (Ml) 

Tel: (02)215 4913-4-5 
TELEX: 315286 

JAPAN 

Advanced Micro Devices, K.K. 

Dai 3 Hoya Building 
8-17, Kamitakaido 1-chome 
Suginami-ku, Tokyo 168 
Tel: (03)329-2751 
TELEX: 2324064 


SWEDEN 

Advanced Micro Devices AB 

Box 7013 

S-172 07 Sundbyberg 
Tel: (08)981235 
TELEX; 11602 

UNITED KINGDOM 

Advanced Micro Devices (U.K.) Ltd. 

A.M.D. House, 

Goldsworth Road, 

Woking, 

Surrey GU21 1JT 

Tel; Woking (04862) 22121 

TELEX; 859103 
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ADVANCEi) 
MICRO 
DEVICES, INC. 

901 Thompson Place 
P O. Box 453 
Sunnyvale, 
California 94086 
(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 
TOLL FREE 
(800) 538-8450 
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